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TRIBUTE TO THE MEMORY OF SIR WILLIAM HUGGINS. 


T. J.J. SEE 


By the unexpected death of Sir William Huggins, May 12, 
1910, Astronomical Science is deprived of one of its most 
illustrious representatives, and Natural Philosophy in the 
widest sense loses one of those great pioneers who lay the 
foundations of New Sciences. The place occupied by Sir William 
Huggins in the science of our time was quite unique. He was 
net only the pioneer founder of spectroscopic research, in rela- 
tion to the heavenly bodies—the Hershel of the spectroscope, 
as was justly remarked by Proctor,—but also a true philos- 
opher, in the high sense of disinterested devotion to truth, 
such as we are accustomed to associate with the examples of 
Plato and Aristotle, Aristarchus and Archimedes, Hipparchus 
and Ptolemy. 

In his life-long study of the stars Sir William Huggins had 
acquired the philosophic habit of mature contemplation and 
reflection, and it permeated all his varied activity; so that 
he was known among astronomers as a gentle philosopher 
whose dignified but unpretentious life was given wholly to 
the progress of Science. And although in his eighty seventh 
year at the time of his death, there had occurred no interrup- 
tion in his usual activity, and the news of his sudden death 
came as a great shock to men of science throughout the world. 
It is needless to say that although most of his work was done, 
his place can never be filled. 

Sir William Huggins was born in London, February 7, 1824, 
educated at private schools, and from the time of his maturity 
devoted nearly his whole life to science; so that his activity 
extended over more than sixty years. In his early manhood 
he was greatly interested in Astronomy and Microscopy, as 
well as Chemistry and Physics. He was not able to devote 
his entire attention to Astronomy however till after he was 


A, 

— 
F 
Be 


388 Sir William Huggins 


thirty. But in 1856 he established an observatory on Tulse 
Hill, which was the scene of his activities for the almost un- 
precedented period of fifty-four years. 

His earliest work was devoted to the usual problem of deter- 
mining time and star places, but wearying of the routine of 
meridian observations, he soon cast about fora field of activ- 
ity of greater novelty and promise. Astronomical thought 
had now begun to be aroused by the discoveries of Kirchhoff 
and Bunsen showing that the lines in the solar spectrum cor- 
respond to those of the spectra of terrestrial metals in a state 
of vapor. As early as 1802 Wollaston had noted four of these 
lines while Frauenhofer had subsequently found many more. 
Kirchhoff and Bunsen were now beginning to outline a method 
for studying the chemical constitution of the Sun; and similar 
studies were commencing to engage the attention of Lord 
Kelvin and Professor Stokes. A new science was soon to be 
born, but few realized as yet its wonderful possibilities. 

Sir William Huggins having one evening entered into a dis- 
cussion of the possibilities of the new methods of spectrum 
analysis with the celebrated chemist Professor W. Allen Miller, 
of Kings College, London, their united interest was awakened, 
in the new science, and continued to grow under the enthusi- 
asm of recent discoveries. They soon entered upon promising 
lines of research, and were associated together in this new line 
of work until Dr. Miller’s death in 1870. Their joint labors 
resulted in a number of important investigations, of which we 
need not here give a detailed account. In addition to their 
joint labors in laboratory experiments, Huggins, with Miller’s 
occasional coéperation, labored energetically at his private ob- 
servatory on Tulse Hill, and there laid the foundations of 
Astrophysics, by the comparison of different kinds of celestial 
and terrestrial spectra. 

Having constructed a star-spectroscope, these eminent inves- 
tigators applied it to the heavenly bodies, and in 1864 pre- 
sented to the Royal Society the results of their analyses of the 
spectra of the stars. The substance of their researches, in the 
words of Huggins, was to show that the Chemistry of the 
Solar System prevails essentially, at least, in every part of the 
heavens where ever a star twinkles; so that the elements were 
proved to be the same throughout the sidereal universe. This 
was indeed a great revelation, scarcely less important for the 
uniformity of the laws of nature, than Newton’s proof of the 
laws of Universal Gravitation. Throughout all preceding time 
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the messages contained in the light of the stars had remained 
unread. It is now obvious that they could never have been 
deciphered, but for the invention of the spectrograph, which in 
the philosophic hands of Huggins gave the foundations of the 
new science of Astrophysics, which has since been developed 
by the united efforts of many workers. 

Since the earliest ages great mystery had attached to the 
nature of the nebulz. Imagine therefore the enthusiasm of 
Huggins, when, upon turning his star-spectroscope to a plan- 
etary nebula in Draco, in August, 1864, he discovered the spec- 
trum to be made up of self luminous gas characterized by bright 
lines analogous to those given by the sodium flame of a Bunsen 
Burner in the laboratory. On a small scale this was an ex- 
perimental verification of the nebular hypothesis of Laplace; 
and it proved that the nebulae are not of stellar constitution, 
as had been hastily inferred from the great resolving power of 
Lord Rosse’s Reflector. This was the formative period in the 
history of the theory of Cosmical evolution; and the new star 
spectroscope supplied the evidence which had been lacking to 
Laplace and Herschel nearly a century before. The outcome 
was that the distrust of the nebular hypothesis inspired by 
Lord Rosse’s resolution of certain nebule into star clusters 
was entirely overcome, and an observational basis was given 
to the doctrine of celestial evolution, which has ever since been 
one of the leading theories of Astronomical Science, and is now 
confirmed by modern researches of the most varied character. 

Further studies in spectrum analysis led Huggins to the in- 
vestigation of the effects of motion in the line of sight, which 
is now made the basis of the finest spectrographic researches 
in our great modern observatories. It had been remarked by 
Christian Doeppler of Prague, in 1842, that owing to undula- 
tory nature of light the color of a luminous body would be 
changed by movements of approach or recession; and in 1848 
Fizeau of Paris had alluded to this shift of the spectrum due 
to motion of the source of light, in a paper which was not 
fully published till 1870. Huggins independently took up the 
study of the effect of line of sight motion upon the position of 
the spectral lines in 1867, and on April 23, 1868, communicated 
to the Royal Society the first tangible estimates of the move- 
ments between the Earth and stars. 

As usually happens in pioneer work, his paper was at first 
received with some incredulity. Sir William found it difficult 
to convince Airy, the Astronomer Royal at Greenwich, Struve 
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of Pulkowa was equally incredulous, while Sir Norman Lockyer 
made light of and opposed the new theory with all his power. 
It was not long, however, till Vogel verified the theory at 
Bothkamp by observation on the rotation of the Sun; and 
soon the Astrophysical Observatory at Potsdam was founded, 
and Vogel began to apply the method Huggins had developed 
and rendered practically useful. It is now generally known as 
the Doeppler-Huggins principle, and it lies at the basis of all 
researches on spectroscopic binaries and kindred phenomena. 
And now that it has triumphed and become one of the great 
methods of modern astronomical science the French try to 
claim the discovery for Fizeau! Such are the obstacles always 
encountered by a pioneer! 

But as Huggins made the first actual use of the method of 
measuring the motion of stars in the line of sight, from the 
slight displacement of the spectral lines compared to the nor- 
mal places of these lines, supplied by terrestrial elements at 
rest in the laboratory, posterity will always gratefully ack- 
nowledge his leading part in the development of the spec- 
trographic method. In all these researches Huggins was 
as truly the pioneer discoverer in Astrophysics as was Galileo 
in the first exploration of the heavens with the telescope. In 
fact it may be justly said that what Galileo did for the first 
telescopic exploration of the heavens, Huggins paralleled in the 
earliest researches of the spectroscope; so that he was not only 
the Herschel of the spectroscope, but also the Galileo of Astro- 
physics. He discovered the methods and laid the foundations 
of a new Science as universal in its methods as distribution of 
the stars in space. 

The spectral researches of Huggins included every class of 
the heavenly bodies, the Sun, planets, stars, nebulz, and comets, 
as well as new and variable stars. There was not aline of 
modern spectroscopic research in which he was not both leader 
and founder. He was the earliest to introduce the use of pho- 
tography, and watched its steady growth in all lines of astron- 
omical research. The first use of the gelatine dry plate process 
was made by him about 1876, and proved completely success- 
ful. Not only did he study the spectra of the stars as a whole, 
but also examine particular regions of the spectra, in the 
search for data that would throw light upon the problems of 
Stellar Evolution. 

In 1871 the Universities of Oxford and Cambridge conferred 
upon him the Doctor’s degree, and the Royal Society placed 
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at his disposal a large duplex telescope with an achromatic 
of 15 inches aperture and a reflector of 18 inches. It is un: 
necessary to recall the notable discoveries made by these in- 
struments at Tulse Hill, for they are an integral part of the 
history of Astronomical Science, during the past forty years. 
In 1908 these celebrated instruments were transferred, at the 
suggestion of Sir William Huggins, to the University of Cam- 
bridge, where a chair of Astrophysics has béen established 
under Professor Newall. 

The important lesson to be drawn from the discoveries made 
at Tulse Hill is that more depends on the capable astronomer 
at the little end of the telescope, than upon the meresize of the in- 
strument. Forin spite of the small size of his telescopes, Huggins 
was enabled, by virtue of his superior mind and thoroughly judi- 
cious habits of weighing evidence, todo work of the highest rank, 
up to within the last few years of his life. What he lacked in 
instrumental power, he made up for by wise selection of sub- 
jects of research; so that he always stood in the very front 
rank of living investigators. 

It would be difficult to recall the details of the relations of 
Huggins to other great investigators of his time; but it may 
be said that he was in active correspondence with all the more 
important investigators in the lines of the New Astronomy, 
while he held a very just appreciation of good work in all other 
lines of scientific effort. He was not merely an Astronomer, 
but also a Physicist and Chemist of great arid varied learning. 
In the early days he was closely associated with the Rev. W.R. 
Dawes, De la Rue, Rutherford, Draper, Sir John Herschel, Airy, 
Adams, Stokes, Lord Kelvin, Maxwell, Secchi, Vogel, Young, 
Langley; and in more recent years all astrophysical workers 
have regarded Tulse Hill as the leading center of the world for 
the newer lines of research. If others with greater instrumental 
power obtained superior results to those first obtained by 
Huggins, it was still recognized that he was the most experi- 
enced worker, the master, to whose judgment all deferred. 

One of the most admirable qualities of Huggins, which will 
always render his name one of the most illustrious in the 
annals of science, was his unselfish devotion to truth and 
entire freedom from vain, worldly ambitions. Nothing could 
be more impressive than his simple modesty and generous in- 
terest in the work of all who labored to advance the common 
cause of truth. His own experience as a pioneer had rendered 
him very sympathetic and open-minded in considering new 
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views, even when they run counter to those now held to be true. 
He realized that the growth of science consists in the develop- 
ment and improvement of thought, often by new and previously 
untried methods, and therefore that orthodoxy is a poor crit- 
erion of truth. Hence he was among the most tolerant and 
broad-minded of men. 

His habits were so impartial that he was a good judge even 
in fields of thought which lie remote from the lines of his prin- 
cipal researches. He had a remarkably keen sense for the 
beautiful and the true, and by intuition could discern truth in 
difficult problems without the elaboration of mathematical 
analysis. Among all the great investigators whom it has been 
my good fortune to know during the past quarter of a century, 
there is not one whom I consider to have had quite the all 
around balance and judgment of Sir William Huggins. Lord 
Kelvin and Newcomb had, indeed, greater mathematical and 
mechanical knowledge, in dealing with intricate problems; but 
it is doubtful if either of these eminent men was as careful in 
the examination of premises as was Sir William Huggins. 

Perhaps Huggins’ carefulness arose from the habits he ac- 
quired as a pioneer in laying the foundations of new sciences, 
in which everything must be studied from the ground up, and 
nothing can be taken for granted. In much of the higher phys- 
ical and mathematical science, the reasoning is so purely de- 
ductive, from assumed premises, that the study of the correct- 
ness of the latter is often overlooked. This is one reason why 
mathematicians although they have the greatest power of re- 
search, in handling difficult problems, are not necessarily the 
most effective in making new discoveries. History furnishes 
many examples of this. The power of discovery seems to 
depend on a contemplative habit of mind by which all out- 
standing phenomena are harmonized; and unfor.«nately this 
is possesed by comparatively few investigators. The great 
majority of workers adhere too strongly to the impressions of 
their vouth, and are not able to break away from the way in 
which they have been trained. 

Sir William Huggins regarded strict conscientiousness and 
calm deliberation, in examining all questions, the supreme 
quality of a man of science. This disinterested devotion to 
truth, without regard to the philosophic consequences, alone 
makes possible the improvement of the sciences. Because a 
thing is popular and accepted now is no sign of its permanency ; 
the history of past ages is full of cases in which popular theories 
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have afterwards been overthrown, and new ones introduced in 
their places. 

But the average investigator is afraid to be considered an 
innovator, so that great indeed are the obstacles which pio- 
neers have to contend against even in science. Yet it is upon 
the labors of pioneers that all our progress depends. 

One quality in Sir William Huggins was greatly appreciated 
by young investigators, just beginning their careers, and that 
was his open and fair appraisement of all new work. Recogni- 
tion from him did not depend upon the popularity of the 
theme treated, nor upon its acceptance by contemporary cliques; 
but wholly upon its value for the ultimate advancement of 
truth. Such an impartial and disinterested judge of scientific 
activity is invaluable to the growth of true science in any age 
or country; and the loss which England has sustained in the 
death of Sir William Huggins will long be felt. It is doubtful 
if any one since the time of Sir William Herschel has enjoyed 
so fully the recognized position of an eminently wise and just 
counsellor in scientific matters, as has Sir William Huggins. 

His whole life was so completely given to the cause of truth 
that no one ever distrusted his good purposes; he enjoyed the 
confidence of all classes of scientific workers, and simply lived 
for the advancement of science. It is agreeable to think how 
much his labors were appreciated by his contemporaries, how 
glorious they will appear in the eyes of posterity! 

As an illustration of his devotion to the good of science, 
and to the truth of history, it may be mentioned that one of 
his last labors was the taking up, in the Royal Society, of the 
question of publishing the collected works of Sir William 
Herschel. Thisisa debt of gratitude which England owes to 
the memory of her greatest modern astronomer; yet, although 
repeatedly urged by eminent astronomers, such as Struve, Bes- 
sel, and Gould, it had been put off and neglected for a century. 

It was characteristic of Sir William Huggins that his last 
activity should have been devoted to the reprinting of the works 
of Herschel. Surely a fitting close to one of the most illustri- 
ous careers of all time! Only about a week before his death he 
had attended a meeting of this joint committee of the Royal 
Society and Royal Astronomical Society, and had shown his 
usual interest in the proceedings. He felt that this reissue of 
papers now inaccessible was a good and proper work to do, 
and was deeply interested in this movement to do justice to 
the memory of Herschel and render his immortal works more 
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accessible to the modern investigator. 

Huggins had always led a very abstemious and quiet life, 
appropriate to and in keeping with his philosophic habits of 
mind. Such moderate habits, combined with active mental 
work had united to keep his health wel!-nigh unimpaired to a 
great age. His mind was clear and he still wrote a steady hand. - 
Though he had celebrated his 86th birthday in February, and 
last year superintended the publication of Volume II of his 
own collected papers, he was still occupied with such work as 
he could do, and enjoyed fairly good health. He had, however, 
suffered from hernia, and the ailment had become aggravated 
so that it seemed to require surgical relief. The needed opera- 
tion was performed at a medical establishment on Clapham 
Common, and although it was successfully performed, the sub- 
sequent weakness was such that he was unable to rally and 
recover his strength, and the result was that he passed away 
on May 12. The news of his death caused profound gloom 
among men of science in England, and on May 13, the Royal 
Astronomical Society adopted a hearty resolution of condo- 
lence with Lady Huggins, and adjourned out of respect to the 
memory of their illustrious Past President and perpetual For- 
eign Secretary, who was honored in every country of the world 
where science is cultivated. 

It is needless to say that Huggins was a member of the prin- 
cipal learned Academies of Europe and of the leading Learned 
Societies of other lands, as shown by the following list of 
honors: K.C. B; O. M; Commander of the Brazilian Order of 
the Rose; Hon. D. C. L., Oxford; Hon. LL. D., Cambridge, 
Edinburgh, Dublin, and St. Andrews; Hon. D. Sc., Victoria; 
Hon. Ph. D., Leyden; Hon. Ph. D., Heidelberg; Past President 
R. S; Hon. F. R.S. E., F. R. A.S. Correspondent de |’Institut 
de France (Acadamie des Sciences): Foreign Member della Reale 
Academie dei Lincei, Roma; Corresponding member der K6nig- 
lich Preussischen Akademie der Wissenschaften ; Foreign Member 
Regia Scientiarum Societas, Upsala; Foreign Member KO6nig], 
Boemische Gesellschaft der Wissenschaften, Prag; Correspondent © 
K6nigl. Gesselschaft der Wissenschaften Géttingen; Foreign 
Member Royal Society of Denmark, Copenhagen; Foreign Mem- 
ber Philosophical Society, Lund, Sweden; Hon. Member Societa 
Degli Spettroscopisti Italiani, Roma; Hon. Member Société 
Astronomique de France; Hon. Member Royal Irish Academy, 
Dublin; Foreign Member American Academy Arts and Sciences, 
Boston; Hon. Member American Philosophical Society, Phila- 
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delphia; Hon. Member Royal Society, New South Wales, Sydney; 
Hon. Member Manchester Literary and Philosophical Society; 
Hon. Member Astronomical and Philosophical Society of 
Toronto; Hon. Member Royal Philosophical Society, Glas- 
gow; Associate National Academy of Sciences, Washington; 
Foreign Member La Societe Hollandaise des Sciences, Harlem; 
Hon. Member Royal Photographic Society; etc. 

In 1899 Sir William and Lady Huggins published the cele- 
brated ATLAS OF REPRESENTATIVE STELLAR SPECTRA. 
This was followed in 1909 by a 539-page quarto volume of 
Scientific Papers, a reprint of all his important papers during 
the past half century. Both of these volumes are so important 
that they ought to be in the hands of every serious student of 
astronomical science, not only for the results they contain, but 
also for the inspiration they afford by the fact there brought 
out that great work is developed gradually, step by step. With 
characteristic generosity, Sir William Huggins always associ- 
ated the name of Lady Huggins with his own; the work was 
the result of their joint labors, and usually appears under the 
names of both authors. A noble and deserved tribute to the 
talents and devotion of Lady Huggins! 

Throughout his long and illustrious career Sir William Hug- 
gins had always shrunk from the noisy qualities which usually 
go with commoner worldly success,—being entirely content with 
the quiet pursuit of truth for its own sake. Thus his life cor- 
responded to that of an English gentleman of the highest type, 
quite in keeping with his honored station as one of the foremost 
of modern philosophers. The honors which came to him came 
quite unsought, and from those alone who could appreciate 
genius of high order. Though he was one of the least worldly 
of men, and in the highest sense of the word the ideal philoso- 
pher, not even the selfishness of the everyday world was able 
to deny him great honors. He became a fellow of the Royal 
Astronomical Society in 1854, of the Royal Society in 1865. 

In 1867 he and Dr. W. A. Miller were awarded jointly the gold 
medal of the Royal Astronomical Society for their discoveries 
in astronomical physics. He afterwards received three medals 
from the Royal Society, and three from the Institute of France, 
besides many others from other countries, including the Draper 
medal of our National Academy of Sciences. He was President 
of the British Association for the Advancement of Science at 
Cardiff, in 1891, and delivered a scholarly and celebrated ad- 
dress. On the occasion of Queen Victoria’s Diamond Jubilee in 
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1897, Huggins was knighted. The honor came so unexpectedly 
to him that he and Lady Huggins took time to consider wheth- 
er to accept. As Science was too little recognized in England, 
they finally concluded that they should do so for her sake; 
but in reply to an address of congratulation from the British 
Astronomical Association, Sir William aliuded to it as ‘‘an 
honor not sought by me.”’ 

He was twice elected President of the Royal Society, the sec- 
ond election being unanimous; and thus from 1900 to 1905 he 
filled the honored chair held by the illustrious Newton. His 
administration of the Royal Society was eminently satisfactory, 
and his four presidential addresses are models of scholarly 
effort. He described some of the work which the Society has 
done, and is doing, for the British nation. Selections from these 
addresses, with a short history of the Royal Society, were pub- 
lished in volume form in 1906, and the work generally circu- 
lated in university and scientific circles throughout the British 
Empire. The Society authorized a resolution to ‘ensure that a 
knowledge of science is recognized in schools and elsewhere as 
an essential part of general education;” but so far this effort 
at obtaining a recognition of the claims of science in modern 
life has been only partially successful. The English Universities 
and the English school system are both very conservative, 
though a beginning of modern methods is dawning at both Ox- 
ford and Cambridge. 

Sir William Huggins was married in 1875 to Miss Margaret 
Lindsay, daughter of Mr. John Murray, of Dublin and his 
talented wife, contributed greatly to his career by her noble 
qualities of mind and heart, and by her keen powers of intui- 
tion. Lady Huggins was originally an artist, and the taste 
developed in her early life has proved most useful in science. 
Many astronomers who were honored by the friendship of Sir 
William and Lady Huggins will remember the annual New Year 
greetings which have so often brought cheer to the recipients. 

Tulse Hill was long a place of pilgrimage for men of science 
visiting London, and many Americans will recall the hearty 
greeting they received from the venerable sage and his devoted 
wife, and the unostentatious simplicity with which they enter- 
tained their visitors. Sir William Huggins’ house was full of 
books and beautiful pictures, and he seemed to live inhis library, 
laboratory and observatory, when not mingling in social life or 
attending scientific meetings in the city. 

It is sometimes thought that great equipment is necessary to 
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high-class scientific work. If any one believesthat, Tulse Hill Ob- 
servatory furnishes a living and perpetual argument to the con- 
trary. The writer remembers the celebrated and scholarly Miss 
Clerke remarking to him, when he was in London, in 1892, that 
Sir William Huggins had a very small income. The cheering 
reply was that income did not make discoveries, and that, after 
all, discoveries constitute the chief wealth of nations. This, I 
am satisfied, was the view of Sir William Huggins, and it en- 
abled him to devote his whole life to science, even though he 
lived in simplicity on a small income. 

If discoveries depended on so sordid a thing as wealth, some 
of our millionaires and heavily endowed observatories would 
absorb all the truth in the universe. But fortunately this is 
not so, and never can be so in the nature of the case. Unselfish 
devotion and labor is the price which must be paid for discover- 
ies of high order, and the mysteries of nature are so inscrutable 
to the vulgar eye that her endless bounty can never be monop- 
olized by those who worship mammon. This is a lesson which 
young men entering on careers in science cannot too quickly 
learn. ‘‘On Earth is nothing great but man, in man nothing 
great but mind.’’ And fortunately the operations of the mind 
are nearly independent of external conditions. 

An article in Nature of May 19, contains this beautiful figure 
ot the life and work of Sir William Huggins: ‘‘Cemented upon 
the rock of nature, Sir William Huggins stretched out his hands 
towards the stars, and if a succeeding generation is able to 
examine the secrets of the heavens more closely than was pos- 
sible in earlier days, let it remember the patient pioneer work 
required to form the base of the pinnacle from which observa- 
tions can now be made.” 

Among all the great philosophers who have adorned English 
history during the past two centuries, none has walked more 
worthily in the footsteps of the great Newton than has Sir 
William Huggins. Throughout along life he was always the 
devout astronomer, thankful that it was given unto him to live 
and behold the stars and reveal to mankind the wonders of the 
Deity. This spirit of humble piety sustained and crowned all 
his marvelous efforts, and may well make us grateful that so 
great a man haslived for the honorand glory of the human race! 

The spectacle of the heavens will change, and an endless 
stream of new truths will flow from the springs he discovered; 
but even in remote ages his memory will be held in just and 
increasing veneration, and there will always be lovers of truth 
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who will wish they could have enjoyed our privilege of convers- 
ing with this great and good man. 

Plato assures us in the Phaedo that those who are remark- 
able for having led holy lives are released from this earthly 
prison and go to their purer home which is above. So the soul 
of the great pioneer astronomer who taught us the ways of 
labor and of truth has returned to the skies; but the time will 
never come when the stars he loved so well will not look down 
benignly upon the scene of his earthly labors and call his mem- 
ory blessed. 

As the Poet Longfellow has well sung, of an illustrious 
American: 

Were a star quenched on high, 
For ages would its light, 


Still travelling downward from the sky, 
Shine on our mortal sight.”’ 


“So when a great man dies, 
For years beyond our ken, 
The light he leaves behind him lies 
Upon the paths of men.” 
U.S. Naval Observatory, 
Mare Island, California, June 18, 1910. 


SIR WILLIAM HUGGINS. 


SOME ASPECTS OF HIS LIFE WORK. 


HECTOR MACPHERSON JR. 


POPULAR ASTRONOMY. 


Sir William Huggins is dead and thus the veteran of modern 
astronomers has passed to his rest. He will be sorely missed 
in astronomical circles for, although his life-work was accom- 
plished, astronomers all over the world looked to him as the 
honored head of the noble sciences, and his removal at the 
ripe age of eighty-six leaves a blank which cannot well be filled. 

Sir William Huggins was in-the happy position of one of 
those who, having means and leisure devoted both to the 
study of the heavens. In many ways the amateur worker has 
an advantage which is denied to the professional astronomer. 
He is enabled to devote his attention to the side of astronomy 
which most attracts him. Had Sir William Huggins entered 
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the Greenwich or Cambridge Observatory when he was a 
young man, it is more than doubtful if he would have been 
the founder of the ‘‘new astronomy.’’ At the age of twenty- 
eight, in 1852, finding himself with a bent for science and with 
means and leisure for following his bent, he entered on the 
study of animal and vegetable physiology, his attention hav- 
ing been turned to the subject by the remarkable microscopic 
discoveries then being made. After four years, however, he 
“abandoned the study for astronomy. In 1856 he purchased 
a house at Tulse Hill, near London, then a much more rural 
spot than it is now, and here at great expense he equipped a 
first rate astronomical observatory. With his various tele- 
scopes he entered on the ordinary work of the astronomer 
taking observations of transits and sketching the various 
planets. But he soon tired of the monotonous routine of 
ordinary astronomical work and he longed for some new and 
original method of observing the heavens. At length there 
arrived just what he was longing for. In 1859 Kirchhoff 
made his momentus identification of the dark lines in the 
Sun’s spectrum with the bright lines in the spectra of the 
various elements. In Huggin’s own words—‘:The news was 
to me like the coming upon a spring of water in a dry and 
thirsty land. Here at last presented itself the very order of 
work for which in a vague indefinite way I was looking. A 
feeling as if of inspiration seized me: I felt as if I had it now 
in my power to lift a veil that had never before been lifted; 
as if a key had been put into my hands which would unlock 
a door which had been regarded as for ever closed to man.” 
Huggin’s at once resolved to apply the new method of re- 
search to the stars and accordingly in 1803 he communicated 
to the Royal Society of London some preliminary results ot 
his investigations, and some time later he furnished details of 
the spectra of Betelgeus and Aldebaran. These investigations 
were almost the first detailed study of the spectra of the stars. 
It is true that Donati in 1860 began observations on stellar 
spectra, but his observations yielded no results, owing to the 
imperfection of his instruments. Secchi, the great contempo- 
rary of Huggins, who predeceased him by thirty two years, 
aimed at a comprehensive survey and classification of stellar 
spectra and he did not devote himself to minute examinations 
of particular stars. Thus Huggins had the field of research 
all to himself for many years. 
In 1804 came his discovery which probably impressed the 
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popular mind in the greatest degree—that of the gaseous 
nature of some of the nebulez. Just ata time when most astron- 
omers had come to believe that all nebulz were star-clusters, 
reduced to nebulosity by immensity of distance, the spectros- 
cope came into use and demonstrated that the prevalent view 
was wrong and that after all Herschel had been right and 
thus vindicated the nebular hypothesis. The first object ex- 
amined by Huggins was a bright planetary nebula in Draco. 
“The reader” he said in an account of his work ‘‘may now be 
able to picture to himself to some extent the feeling of excited 
suspense, mingled with a degree of awe with which after a few 
moments of hesitation I put my eye to the spectroscope. Was 
I not about to look into a secret place of Creation? The 
spectrum was one of bright lines proving conclusively its 
gaseous nature. By 1808 Huggins had examined the spectra 
of seventy nebulz and of these he found one third to be gaseous. 

Perhaps the greatest of all his discoveries was his applica- 
tion of Doppler’s principle to the motion of the stars. In 
1868 he communicated to the Royal Society his first investiga- 
tions in this line of research. He secured a number of measure- 
ments, but his work was chiefly that of the pioneer. The 
measurement of the radial motions of the stars by Doppler’s 
principle is best carried out by the aid of photography; and 
in this department Huggins’ pioneer work was followed up 
by Vogel, who by means of photography placed this branch 
of astrophysics on a firm basis. 

In 1863 Huggins attempted to photograph the spectra of 
the stars; but although he obtained prints of Sirius and 
Capella, no lines could be discovered. In 1879 however, he 
succeeded in securing good photographs and since that year 
followed up the photographic side of stellar spectroscopy. 

For some years, the astronomer has been in practical retire- 
ment, although he worked on to theend. In i897 he received 
the honor of knighthood and in 1902 he was one of the first 
members of the Order of Merit. The publication of his scien- 
tific papers has occupied him recently and a large volume, 
published in October of last year was a fitting crown to his 
labors. The end came suddenly after one day’s illness. Sir 
William underwent a slight operation, but heart failure ac- 
curred and the veteran astronomer passed away on May 12, 
1910, in his eighty-seventh year. 

In 1875 the astronomer married Miss Margaret Murray, 
who is like her late husband, a devoted student of astronomy. 
Since his marriage, all the Tulse Hill publications have been 
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signed by both Sir William and Lady Huggins. Lady Huggins 
has been a modern Caroline Herschel and in her bereavement 
she will have the satisfaction of knowing that her name will 
always be bracketed with that of her illustrious husband. 

The writer had the honor of visiting Sir William and Lady 
Huggins at their home at Tulse Hill three years ago. The 
astronomer and his wife were kindness itself and at the age 
of eighty-three Sir Willlam was as keen and alert mentally 
and physically as a man many years his junior. The great 
astronomer had a peaceful and vigorous old age in posession 
of all his faculties until the end came. He has passed away 
full of years and honors leaving behind him a noble record 
of untiring devotion to the cause of Science. 


SPECTROSCOPIC AND VISUAL BINARIES. 


FRANK SCHLESINGER AND ROBERT H. BAKER. 


A barrier of difficulties that seems at the present time all but 
insurmountable, confronts any direct inquiry as to the course 
of stellar evolution. What are the facts bearing on this ques- 
tion, that our instruments are capable of revealing? The 
spectroscope will determine the types of the stars under inves- 
tigation, and the photometer will tell us their relative bright- 
ness both in the visual and in the photographic regions of the 
spectrum. We may also ascertain their proper motions and in 
rare cases their distances. But beyond these there are other 
data that seem indispensable to an investigation of stellar 
development. The size of a star, its density, the brilliancy for 
each unit of surface, its age, the local conditions which may 
have affected its progress—these in general must for the present 
remain unknown. 

The case is far more hopeful if we turn from the general 
question of stellar development and confine our attention to 
the relative development of stars forming binary systems; for 
many of the difficulties we have just mentioned at once dis- 
appear. First, we may be certain that the two stars in each 
pair have had a common origin and are therefore of the same 
age. It is true that we can imagine circumstances, such as the 
operation of a resisting medium or the temporary intervention 
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of a third star, that will leave together two stars which were 
originally remote and which were brought into proximity by 
reason of their proper motions. But if such circumstances 
arise at all, they can be only very rare and we may leave them 
entirely out of the reckoning. Questions as to local differences 
in space, such as for example the abundance or scarcity of 
hydrogen that was to be found in the neighborhood of a star 
during its early stages, may be put aside at once in the case 
of a binary system, since these conditions must have been the 
same for both components. Again, the orbits of the two 
stars ina binary are exceedingly small as compared with their 
distances from us and we may therefore infer the ratio of their 
intrinsic brightness without knowing anything of their parallax. 

For reasons of this character it would seem highly probable 
that when we finally come to have something like definite ideas 
concerning stellar evolution, the key to this knowledge will be 
found in the study of binary systems. Visual doubles, that is 
those in which the two components are far enough apart to be 
separately seen, have been the subject of careful study during 
the past century, but the accumulation of data concerning 
them is necessarily a slow business. Few of these objects have 
periods less than a century, and until a pair has gone through 
a circuit, or at least the greater part of a circuit, the ele- 
ments of the relative orbit can be determined only very roughly. 
In 1905 Professor Aitken of the Lick Observatory compiled a 
list of all the visual binary orbits that had been determined 
with even tolerable accuracy. His catalogue contains only 53 
objects, and of these the periods of 17 range from 105 to 
347 years. 

The detection of the first spectroscopic binaries by Pickering 
and by Vogel in 1889, followed by the surprisingly numerous 
discoveries of Campbell, Frost and others, has opened to us a 
rich mine of information bearing upon questions of binary 
evolution. So vigorously has this mine been worked that it is 
not too much to say that we have learned more in the past ten 
years concerning spectroscopic binaries than a whole century 
has taught us with regard to visual systems. This is due prin- 
cipally to the short periods of the former; very few of those 
thus far detected have periods as great as one year, and most 
of them complete a circuit ina few days. Butitis proper here 
to remark that the distinction between visual and spectroscopic 
systems is in all probability not a real one, being merely a 
matter of what instrument has been employed to observe them. 
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Thus to cite only one example: Sirius, long known to be a 
visual binary witha period of 49 years, has now been observed 
with the spectrograph and variations in its radial velocity 
have been detected; it may therefore be very properly included 
in catalogues of both classes of binaries. In a few of the 
spectroscopic binaries the linear separations between their 
components are of the same order as the distance between 
the Earth and the Sun, and it is therefore natural to expect 
that some of these will be resolved into visual doubles. Up. 
to the present time however this interesting observation has 
not been made, and no system first detected with the spec- 
troscope has yielded to the high resolving power of the almost 
perfect refractors of our day.* 

There are now available the orbits of more than sixty spec- 
troscopic binaries. In volume I, No. 21, of the Publications 
of the Allegheny Observatory we have collected these orbits 
and we have found them sufficient to bring out some interesting 
characteristics. At the request of the Editor of PopuLar 
ASTRONOMY a short account of these results is given here. 

It should first be explained that among these 63 orbits are 
those of eleven variable stars of the 6 Cepheid type, that is, 
short period variables in which the duration of decreasing 
light is less than that of increasing light. It is an interesting 
fact that the variable stars of this class thus far examined 
from this point of view, beginning with Belopolsky’s investiga- 
tion of § Cephei, have all been found to be spectroscopic binaries 
as well; and the persistent researches of the Lick astronomers 
upon these objects have proven beyond doubt that their vari- 
ations in light are caused by, or are at least intimately asso- 
ciated with, their orbital motions. Furthermore our list con- 
tains the orbits of six Algol variables; that is, variables 
(always of very short periods) that fluctuate in light in such 
a way ascan be accounted for by an eclipse. Beginning with 
Vogel’s investigation of Algol itself every variable of this class 
whose radial velocity has been measured has proven to be a 
spectroscopic binary, with just the kind of velocity curve as 
would be demanded by the eclipse explanation of its variation 
in light. 


* Capella has been suspected as a visual double by Lewis and others at the 
Greenwich Observatory, but other observers in better climates and provided 
with more powerful telescopes have been unable to confirm this. 
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1. DisTRIBUTION OF ECCENTRICITIES. 

If we count the number of spectroscopic binaries whose ec- 

centricities fall within successive limits of 0.10, we obtain the 

following table in which the 8 Cepheid variables have been 

considered apart from the other spectroscopic binaries, and 

in which are included the 23 visual binaries from Aitken’s 
catalogue. 


| e ; <9.10 |.10 to .19{ .20 to .29 | .30 to .39| .40 to 49 | 
|Spectroscopic Binaries | 24 | 9 1 3 | 4 | 
{Visual Binaries 3 3 9 | 14 
{6 Cepheid Variables — | 0 | 2 | 2 | + | 3 | 
€ | .50 to .59| .60 to .69 | .70 to.79 | .80 to .89| >0.90 | 
Spectroscopic Binaries | 2 2 | | 
Visual Binaries | 10 | 3 | 4 | 4 1 
|6 Cepheid Variables 0 | 0 | 0 | 


We see that among visual binaries there isa decided tendency* 
toward eccentricities between 0.40 and 0.50; and that more 
nearly circular orbits than this are quite as rare as more 
elongated orbits. Among spectroscopic binaries on the other 
hand, the great majority of orbits are nearly round, the 
number falling off rapidly as the eccentricity increases. It is 
a curious fact that in this respect the 8 Cepheid variables 
conform more closely with visual binaries than with the other 
spectroscopic binaries, while all the orbits of the Algol vari- 
ables have eccentricities under 0.10. 

2. RELATION BETWEEN PERIODS AND ECCENTRICITIES 

If we form a list of spectroscopic binaries (excluding the 
8 Cepheid variables) in the order of increasing periods and set 
down the corresponding eccentricities, we find a remarkably 
close relation between these two elements: of the 21 of these 
objects having periods not exceeding six days, only one has 
an eccentricity over 0.10. This exception is Polaris with a 
period of four days and an eccentricity of-0.20, about the same 
as in the case of the planet Mercury. Again, of the sixteen 
spectroscopic binaries having periods greater than 21 days, 
Capella (period 104 days) is the only one with a very small 
eccentricity (0.02), the next smallest (0.15) being that of 
» Pegasi with a period of 818.0 days. The eleven 8 Cepheid 
variables are again distinct from other spectroscopic binaries; 
their average eccentricity is 0.31, while their average period 
is only 7.3 days. 


* From a discussion in 1596 of the elements of 40 orbits Dr. 


ele: See has 
already called attention to this characteristic of visual doubles. 
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If we arrange the 53 orbits of visual systems in the order of 
increasing periods and take the means in sets of ten, we obtain 
the following: 


Mean Mean 

Eccentricity. Period. 


The progressive increase in these mean eccentricities may be 
accidental but we are inclined to believe that it is real, and that 
visual binaries, like the spectroscopic, have a tendency to 
show greater eccentricity as the period increases. 

Let us divide the spectroscopic and the visual binaries each 
into two classes of equal number, according to the length of 
period, excluding the 6 Cepheid variables and the three visual 
binaries of longest period, for which the data are uncertain. 
Each group will, as it happens, contain twenty-five stars, and 
for them we obtain the following means: 


Mean Mean 

Eccentricity Period 
Spectroscopic binaries of short period.................0+ 0.07 4 days 
Spectroscopic binaries of long period.............c0000.00 .35 129 days 
Visual binaries of short period..............0000 sserccsessoes 45 36 years 
Visual binaries Of long Period ........6.000..:...s.ccseeceseees 54 136 years 


Beginning thus with binaries that revolve in a few days and 
ending with those that require several centuries for a complete 
circuit, there seems to be a steady increase in the ellipticity 
of the orbits. 

We must not fail to mention that as early as 1877 Doberck* 
suspected that visual binaries of long period have more 
eccentric orbits than those of short period, and that in 1898+ 
he was able to adduce additional evidence in the same direction. 


3. DISTRIBUTION OF THE LONGITUDES OF PERIASTRA. 


About two years ago Mr. J. Miller Barrt called attention 
to the curious fact that among the thirty spectroscopic binaries 
whose orbits had then been determined, in only three cases 
did the longitude of periastron exceed 180°. Mr. Barr adduced 
some reasons for believing that this preponderance might have 


* Astronomische Nachrichten, 91, 119. 
+ Astronomische Nachrichten, 147, 251. 
t Journal of the Royal Astronomical Society of Canada, 2, 70, 1908. 
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a physical basis, and it is of interest to see whether more 
recently computed orbits show the same tendency. Collecting 
the data from this point of view we find 
36 cases in which the longitude is less than 180°, 
19 cases in which the longitude is greater than 180°, 
1 case in which the longitude is equal to 180°. 

Mr. Barr’s rule has been violated more frequently than it 
has been observed in the orbits that have been computed 
since the publication of his paper, and we must conclude 
that the one-sided distribution of periastra noted by him was 
nothing more than a somewhat extraordinary coincidence. 
4. PRESENCE AND CHARACTER OF THE SECONDARY SPECTRUM. 

in the first spectroscopic binary ¢ Ursze Majoris, discovered 
by Pickering in 1889, the spectra of both components are 
visible, but in the spectrograms of most of the binaries found 
soon afterwards by Vogel, Campbell, Frost and others, only 
the brighter component appeared. Some surprise was expressed 
among astronomers regarding the large number of systems 
thus revealed in which one of the bodies is comparatively dark 
and yet is of considerable mass. Very recently however it has 
been found that the presence of the fainter spectrum is not 
rare, and there is now reason to believe that it would appear 
in perhaps half the cases, if photographed under proper condi- 
tions with present-day instruments, when the difference in 
velocity of the two componentsis sufficient to produce an effect- 
ive separation of the two sets of lines. 

The large number of double spectra that have recently come 
to light is partly due to the use of fine-grained plates. In this 
kind of work Seed 27 plates have hitherto been used more than 
any other. While these are of very satisfactory grain for so 
rapid an emulsion they are much inferior in this respect to the 
Seed 23 plates, which however require exposures from two to 
two and a half times aslong. We have found that what ap- 
pears as a fairly conspicuous secondary spectrum upon a Seed 
23 plate may entirely escape notice in the coarser grain of a 
more rapid plate, and in several instances where we have been 
led by certain characteristics of the published orbits to suspect 
the presence of the secondary spectrum, we have verified it 
upon the first fine-grained plate secured. 

Our list of orbits shows fifteen binaries in which the fainter 
spectrum has been measured, one (« Cancri) in which it was 
seen but not measured, and two others (a Carine and 8 Cephei) 
in which its presence is suspected. Doubtless in many of the 
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remaining cases the fainter component is bright enough to be 
seen, for in very few of these have fine-grained plates been used, 
and in others the range of velocity is not sufficient to produce 
an effective separation of the lines. In still other cases the 
fainter spectrum does not seem to have been sought, as several 
instances might be cited in which the observer has made no 
mention of duplicity of the lines, which further examination 
proved to be conspicuous on the original plates. 
Of the fifteen binaries showing two spectra for which orbits 
have been computed, there are thirteen in which the brighter 
spectrum is of the first type. In each of these thirteen cases 
the fainter spectrum is in all probability an exact duplicate 
of the brighter. This is explicitly stated by Mr. Ichinohe to 
be the case with » Virginis.* We have had occasion to examine 
spectrograms of the remaining twelve of these stars and have 
tailed to find even one line in a fainter spectrum that is not 
present in the brighter, or a sufficiently strong line in the 
latter that is not duplicated in the former. 
In addition to those cases in which orbits have been com- 
puted there are many binaries in which the second spectrum 
has been seen or suspected. Among them we find fourteen 
binaries of the first type in which the fainter spectrum is 
certainly present, and in which something is known as to its 
character. In each of these fourteen cases the observers re- 
marks indicate that the two spectra are probably the same. 
There appears then to be no contradiction to the rule that in 
spectroscopic binaries of the first type the secondary spectrum 
whenever seen is a duplicate of the brighter. 
It would be interesting to examine spectroscopic binaries of 
later types from this point of view. Unfortunately the material 
at hand for this purpose is very scant, and all that can be said 
at the present time is that while the two spectra in each of 
these binaries usually bear a close resemblance to each other 
there seem to be cases in which there are noticeable differences. 
We shall have occasion to discuss this matter in more detail 
later. 
Besides these binaries that have been studied with slit spec- 
trographs we should not neglect to mention the ‘‘composite 
spectra’”’ discovered at Harvard College Observatory by Miss 
Maury and Miss Cannon, upon objective-prism plates.; These 


* Astrophysical Journal, 26, 283, 1902. 


+ Annals of the Harvard College Observatory, 28, 93, 1897; 28, 229, 
1897; and 56, 113, 1908. 
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objects show two spectra in close proximity and some of them 
exhibit considerable difference in type. Fourteen of them are 
known visual doubles too close to be separated upon these 
plates; ten have since been found to be spectroscopic binaries, 
generally of long periods. Of the remaining twelve, it is not 
impossible that some are (1) optical doubles, (2) close visual 
binaries with small relative velocities or (3) single stars with 
peculiar spectra. These objects are especially worthy of inves- 
tigation with both the telescope and the slit spectrograph. 

Frost* has recently called attention to four spectroscopic 
.binaries in which the H and K lines of calcium oscillate neither 
‘n accord with the other lines nor in such a way as to permit 
us to ascribe them to the other star of the binary. It should 
also be mentioned that Hartmann has found the K line to be 
stationary in the spectroscopic binary 6 Orionis and Mr. Jordan 
of the Allegheny Observatory has recently found another case 
in which this is true. 

The star « Aurigze seems to be quite unique. Ludendorft has 
shown}; that its light varies in much the same fashion as that 
of an Algol variable, but with a period one thousand times 
as great, 27 years. The researches of Vogel, Eberhard and 
Ludendorff indicate that the spectrum is normally like that of 
a Cygni, with many metallic lines; but that during light mini- 
mum a second spectrum of the F type is superimposed. Luden- 
dorff concluded that there can hardly be any doubt as to the 
reality of a relation between the light changes and the velocity 
oscillations, but that “If we wish to explain the observed line 
displacements in ¢« Aurige as being due solely to changes in 
velocity the assumption of two bodies is not sufficient.’’= 


5. THE RELATIVE MAssEs OF THE TWO COMPONENTS. 

The two sets of lines in a double spectrum are displaced from 
the position in which they are coincident by amounts inversely 
proportionate to the masses of the two components. Conse- 
quently we may compute the ratio of these masses from the 
two amplitudes. In the table, column (2) contains for each binary 
the mass of the fainter component in terms of the brighter. 
Eleven of these masses have been derived from data secured 
at Allegheny; and for these is added, in column (3), an es- 
timate of the relative intensities of the two spectra. In addi- 


* Astrophysical Journal 29, 235, 1909. 
+ Astronomische Nachrichten, 164, 81, 1903. 
t Astronomische Nachrichten, 171, 49, 1906. 
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tion it is known that the two stars of ¢Urse Majoris are 
nearly equal in brightness. These estimates are not intended 
to give the absolute brightness of the secondary but merely 
to indicate the proper sequence ir. which these twelve binaries 
should be arranged from this point of view. 

The numbers in column (2) are all less than unity, or in other 
words, among spectroscopic binaries that show both spectra 
the brighter component is invariably the more massive. 


m, 
m I 
(1) (2) (3) 
v Andromedze 0.72 0.6 
o Persei 0.81 0.4 
a Aurigze 0.81 
n Orionis 0.95 0.7 
Orionis 0.76 
Aurigz 0.99 
o Leonis 0.86 
n Virginis 0.70 
¢ Majoris 0.99 1.0 
a Virginis 0.61 0.5 
e Herculis 0.68 0.4 
u Herculis 0.40 0.4 
6 Aquilz 0.89 0.5 
57 Cygni 0.96 0.8 
2 Lacertze 0.81 0.7 


There appears to bea close correspondence between relative 
mass and relative brightness: where the two spectra are equally 
conspicuous, as in ¢ Urse Majoris or 6 Aurigz, the two masses 
are also equal; but where one spectrum is barely discernible, 
as in w Herculis or « Herculis, the corresponding mass is small. 
We may perhaps infer that in those binaries in which the 
fainter component does not show at all, the mass of the 
brighter star is all the more preponderant. 


6. MASSES OF SPECTROSCOPIC BINARIES COMPARED 
WITH THAT OF THE SUN. 


There are very few spectroscepic binaries indeed for which 
we can determine the absolute masses. Measurements of velo- 
cities alone are not sufficient to determine the inclination of 
the orbit and it comes out that all we can compute is the 
quotient : 

mass 
(sine of inclination)* 
Furthermore if only onespectrum is measurable, we can say noth- 
ing as to the relative masses and our computations will yield 
only a certain function of the sum of the two masses. The first 
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of these obstacles is removed in the case of an eclipsing vari- 
able, for then we know that the inclination can not be far from 
90°, and both obstacles are removed if in the spectra of such 
variables both components are measureable. Of these latter 
(usually called 8 Lyre variables) there are only three or four 
bright enough to be within reach of our present instruments. 
In spite of these limitations we may make certain deductions 
that are of considerable interest. It appears that in those 
cases in which both spectra have been detected at this date, 
the average mass of each component ‘is several times in excess 
of that of our Sun. And among those in which only one spec- 
trum has been measured, the diversity of mass is truly aston- 
ishing after making all reasonable allowance for the effects 
of unknown factors. Some spectroscopic binaries exceed by 
probably a thousand fold the masses found in others. 

It is noteworthy that the 6 Cepheid variables do not share 
in this diversity; they must be all of nearly the same mass, 
and the ratio of the two masses must be nearly the same 
for all of them. 

There is another respect in which these variables present 
great uniformity. According to Annals of Harvard College 
Observatory, Volume 50, their spectral types are all between 
F and G, and all but one are included within the narrow limits 
from F5 to G. 

Several astronomers have informally made the suggestion 
that since the 8 Cepheid variables are spectroscopic binaries, 
it may be that others of these binaries will prove to be 
8 Cepheid variables whose light fluctuations have thus far 
escaped detection. It is however not likely that this is the 
case with any one of the binaries for which orbits have been 
computed, beyond the eleven definitely known to belong to 
this class of variables. We should expect one of these objects 
to exhibit a spectrum like that of the Sun or a little earlier in 
type, and to have an orbit of short period and considerable 
eccentricity. Polaris is the only binary that fulfills these con- 
ditions, but it is perhaps the star in all the sky of whose con- 
stancy in light we may be most certain. 

7. REMARKS ON THE EVOLUTION OF BINARY SYSTEMS. 


Sir George Darwin* has shown how a rapidly rotating body 
of small rigidity might first become elongated and then break 
up into two separate masses. This he supposes to have been 


* Philosophical Transactions of the Royal Society, 171, 713, 1880. 
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the origin of the Moon.* He goes on to prove that if the 
two bodies thus formed are at all viscous the tides raised in 
each by the other would occasion, among other effects, an 
increase in their mean distance and their period of revolution. 
Dr. See+ was the first to suggest a similar explanation for the 
origin of double stars and to point out that certain observed 
facts relating to visual systems agree with this idea. We are. 
now in a position to examine spectroscopic binaries from the 
same point of view, and we find that all the observed geo- 
metrical characteristics of these systems are in accord with the 
views of Darwin and See. The components of short period 
binaries are as a rule very close to each other, indeed they 
would seem almost to touch in systems like 8 Lyre and those 
like 8 Cephei. At this stage we should expect the orbit to be 
nearly circular, and this is also found to be the observed fact. 
Dr. See has shown that tidal friction not only increases the 
distance between the two components but makes their relative 
orbit more eccentric, a theorem that is very beautifully borne 
out by the observations, for we have traced the increase of 
eccentricity with period, through spectroscopic binaries and 
through visual systems whose periods run into centuries. 

So far then as the geometrical aspects of bimary evolution 
are cencerned we may say that we have a tolerably complete 
account. But the case is different when we come to discuss 
the astrophysical questions involved. It is a well known rule, 
airst formulated by W. Struve.i that if the two components of 
a visual binary are nearly equal in brightness a conspicuous 
difference in color is rarely to be found; but if one star is con- 
siderably fainter than the other it is almost always bluer, or 
in other words has a spectrum of earlier type. In order to 
account for this Huggins{ conjectured that the faint star 


* This explanation, as Nolan has pointed out and as Darwin himself is 
well aware, can not be regarded as complete. In its present form it involves 
the difficulty of accounting for the persistence of the Moon as one body just 
after its separation from the Earth. The same difficulty applies to spectro- 
scopic binaries. It should also be mentioned that Moulton’s recent investiga- 
tions seem to indicate that if visual doubles owe their origin to the fission of 
a single mass, the separation must have occurred while the latter was still 
in the nebulous state; and that the distance apart of the two components 
cannot have been much smaller just after their separation than it is now. 


+ Inaugural Dissertation, 1892. 

Mensurae Micrometricae, page /x xxii. 

{ Presidential address, Report of British Assn. for the Advancement of 
Science, 1891; see also Atlas of Representative Spectra, by Sir William and 
Lady Huggins, Vol. I, Chapter VI. 
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is really the primary and has the greater mass, and that as a 
consequence of its smaller proportion of surface to volume it 
has been able to preserve much longer its original physical 
state. This involves the assumption that a star may increase 
in brightness as it ages, and to support this Huggins quotes 
Lane's law* according to which a body still in the gaseous 
state would lose less heat by radiation than it gains by 
gravitational contraction and would therefore grow hotter 
and brighter. Lewis} has recently come forward with evidence 
that strongly corroborates these views: he finds that of the 
eighteen visual systems to which the test is applicable the 
fainter component is the more massive in twelve cases and 
less massive in three, while for the remaining three the masses 
appear to be equal. 

Overlooking for the moment certain obvious objections, the 
development of binary systems according to this explanation 
would appear to be as follows: The two stars originally 
formed one body that breaks up into two in the manner traced 
by Darwin and See. We now have a spectroscopic binary 
whose components are in the same physical condition and 
their spectra are exact duplicates of each other. In this stage 
the amount of light emitted is merely a matter of surface and 
the larger star will accordingly be the brighter. The distance 
between the two stars is small, the period of revolution is 
only a few days or even hours and the range in velocity is 
great. As time advances this distance is increased and the 
period lengthened through the agency of tidal friction. Both 
stars have been getting brighter, but the less massive has 
been radiating its energy more rapidly and runs ahead of the 
other in the successive stages of evolution. A time will there- 
fore come when the less massive star will first overtake and 
then surpass the more massive in brightness. We now have a 
visual system in which the bright star is more advanced in 
type and is the less massive. .Continuing we come to an 
epoch in which the less massive star has become so compressed 
that it no longer obeys Lane’s law and it will now decrease 
rapidly in brightness, while the other is still on the increase, until 
the less massive star once more becomes the apparent as well as 
the real satellite. We now have a system like Sirius in which 
the bright star is the more massive and has a spectrum of 
earlier type. 


* American Journal of Science, July, 1870. 
+ Memoirs, Royal Astronomical Society, 56, page xxi, 1906. 
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In the figure we have represented the progression in bright- 
ness by two curves, the heavy one corresponding to the more 
massive star of a pair and the lighter curve to the less massive. 
These two curves are duplicates of each other except that the 
horizontal coérdinates, representing time, have been compressed 
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in one case by a constant factor. Let us: suppose that the 
volumes are as two to one. The ratio of the surfaces will then 
be 1.6 and the two stars will differ by 0.5 magnitude. From 
O then tosay P the system forms a spectroscopic binary, the 
brighter component being the more massive. The two stars 
have been brightening only slowly up to this time, but now 
between P and Q the less massive advances rapidly in this 
respect and trom Q to R we have the usual visual binary. 
By the time that R is reached the less massive star has begun 
to decline and from this on we have the rarer visual binary 
in which the more massive star has resumed its place as the 
bright component. It is to be noted that this star attains a 
higher maximum than the less massive but that this maximum 
is reached only after the latter has begun to decline. 

An objection to this explanation is urged by physicists, who 
have shown that the hotter a body becomes the whiter or 
bluer must it appear. This law was derived under certain 
ideal assumptions and from experiments necessarily made at 
comparatively low temperatures. How far they would have 
to be modified in order to apply them to stars we are not able 
to say. But it does not seem at all probable that it would 
fail to the extent that Huggins’ hypothesis would imply. 
Huggins was aware of this objection but he seems to have 
held the opinion that solar stars are relatively richer in ultra- 
violet light than those of the first type.* The difficulty might 
be overcome by assuming that solar stars, while hotter and 
bluer than those of earlier type, are enveloped with atmos- 
pheres whose absorption is relatively greater in the shorter 
wave-lengths than in those which accompany hydrogen stars. 
According to this view, if we could strip two stars like Vega 
and Arcturus of their atmospheres, both would appear bluer 
than they now do; but Arcturus would gain so much more 
in this respect that it would appear bluer than Vega. 

The question presents itself as to what stage a star will 
have reached by the time that Lane’s law ceases to apply. 
This law is founded upon the assumption that the star is 
still a perfect gas and has not become so compressed that the 
usual relations between density, pressure and temperature no 
longer hold. According to Perry} who has behind him the 
great weight of Lord Kelvin’s concurrence, the application of 


*An Atlas of Representative Stellar Spectra, page 85. 
+ Nature, 75, 368, 1907. 
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Lane’s law ‘“‘ought to cease when the density of the gas at 
the center of the star approaches one-tenth of the density of 
ordinary water in the laboratory.’’ It may be then that 
Lane’s law concerns only bodies that antedate any with 
which we have here to do, and that stars of even the earliest 
types are now diminishing in temperature and brilliancy. 

It is one of the consequences of Huggins’ explanation that 
whenever the two spectra in a binary differ it must be the 
earlier type spectrum that belongs to the more massive com- 
ponent. Let us inquire what exceptions to this we find. 
Among the eight or nine* binaries in Lewis’ list to which the 
test is applicable we find no exception certainly known to be 
such, although in one or two binaries the color of the com- 
panion is in doubt; thus the fainter star of » Cassiopeiz is 
sometimes called purple, but other observers have described 
it as green, orange, rose-red, Indian red and garnet! An in- 
vestigation concerning the spectral types of both stars in all 
those binaries for which we know the relative masses, would 
constitute a most valuable contribution to this subject. 

If we turn to the spectroscopic binaries we find that for 
only two stars have we the data necessary for the present 
purpose, a Aurigze and o Leonis. With regard to the former 
Professor Campbell says, ‘‘the spectrum of the principal star 
is of the solar type whereas that of the secondary is interme- 
diate between the solar and Sirian types.”’+ The brighter 
spectrum was found to belong to the more massive component, 
the ratio being 1.26. Mr. Plummer states that in o Leonis 
“the component which possesses a spectrum of the F-G type is 
by far the more conspicuous of the two.... The spectrum 
of the fainter component appears to be of the Sirian type.’’t 
The bright component was found to be the more massive in 
the ratio of 1.16 toone. It would therefore appear that both 
of these stars are exceptions to the rule to which the visual 
‘binaries seem to adhere, and that we have in them examples 
where the massive star has developed more rapidly than the 
other. But isit certain that the type of the fainter spectrum 
has been correctly assigned in these two cases? The difficulty 
of judging the character of a faint spectrum, seen as it were 
through a brighter, is considerable. There would be a tendency 


* Not all the stars in the list fall under this head because in some cases the 
masses are said to be equal, and in others the colors are designated the same. 

+ Astrophysical Journal, 14, 261, 1901. 

t Lick Observatory Bulletins, 5, 21, 1908. 
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to assign it to too early a type because of the apparent 
faintness or absence of the less corispicuous metallic lines and 
the diffuseness caused by the overlying continuous spectrum 


of the other star. It should be remembered that both these 
binaries were studied upon plates that do not show the crit- 
ical H and K region. No better evidence of the tendency to 
assign the fainter spectrum to an earlier type than is really 
the truth could be afforded than in the case of o Leonis itself. 
From an inspection of the plates the observers concluded that 
the type of the fainter spectrum is A, that of the other being 
about F5. But upon making an extended study of the meas- 
ures and after imposing certain quantitative tests, Mr. Plum- 
mer decided that whenever the two components were not 
distinctly separated the measures had really been made upon 
blends and that the two spectra are much the same. Consider- 
ations like these perhaps warrant us in raising the question 
whether the spectra in these two binaries do not after all 
conform to the rule of uniformity that has been found to apply 
for spectroscopic binaries of earlier type, and whether for the 
present at least these two stars should be regarded as forming 
a fatal objection to Huggins’ hypothesis. However even if 
we admit that the two spectra are the same, we should rot 
be removing all the objections that these two stars have 
raised against this explanation; for the question then arises 
how can they have advanced so far in spectral type without 
showing the increase in brightness for the less massive com- 
ponent, that seems to be always present in equally advanced 
visual binaries ? 

An investigation with the slit spectrograph of the stars 
having composite spectra, to which the Harvard observers 
have called attention, will furnish an excellent opportunity 
for testing the relation between mass and type. In some of 
these stars the difference in spectra is considerable, and ex- 
amples are present of both cases, bright star earlier type and 
bright star later type. 

In the figure we have indicated that the light of both stars 
decreases very rapidly after the maxima are passed. We were 
led to do this by the small number of visual binaries like Sirius 
in which the brighter star is of the earlier type. After the 
small star has begun to wane it probably remains comparable 
with the other in brightness for only a relatively short period. 
This idea gains support from the small fraction of stars in 
general found to have spectra later than the solar type. It is 
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a consequence of this view that there are probably many 
binaries in the sky of which only one component would be 
visible under ordinary circumstances. Sirius and Procyon 
really belong in this class, their faint companions having been 
detected only after these stars were known to be binaries from 
the irregularities in their proper motions. There is no reason 
why other stars of this description should not come to light; 
but it must be remembered that even if their number be great, 
few of them can be so favorably conditioned for detection as 
Sirius and Procyon, whose periods are comparatively short, 
whose orbits are wide and which are so bright that we have 
meridian observations of them reaching back for many years. 

Since the spectral type of a star advances with age we 
should expect the visual binaries to be later in type than the 
spectroscopic. This is on the whole the case, for no less than 
sixty per cent of the spectroscopic binaries, whose orbits have 
been determined, are classed as either B or A, while in Aitken’s 
catalogue of visual binaries there is no example of a helium 
star and only 13 per cent are of the A type. Similarly 
among the spectroscopic binaries we find that the four of 
longest periods are of the solar type.* But the spectrum of 
a star cannot be a very reliable guide to its absolute age. 
For early type may indicate that it is young or else that, 
being massive, it has preserved its original condition the 
longer. Similarly a star of late type may in truth be old, 
but it is equally probable that it has small mass and has run 
its course rapidly. In binary systems the separation of the 
two components is perhaps a better index to age: a close 
spectroscopic binary has probably been formed only recently 
while, according to Darwin’s analysis, millions of years must 
elapse before the separation becomes great enough to make the 
system a visual one. If then we find a visual binary in which 
the stars are of early type we should expect to find that it is 
more than ordinarily massive. Unfortunately it is not possible 
to test this matter from the data at hand, since the determin- 
ation of the masses of visual binaries demands accurate values 
of the parallaxes. 


* It must be remembered that some observational preference has crept in 
here, without which these figures might have to be modified to an important 
extent: the orbits of the later type spectroscopic binaries have been neglected 
more than the earlier; and again there may be many binaries of early type 
of long periods (and presumably of small range) which from the character of 
the lines usually found in these spectra would be difficult to discover. 
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Again if we find a close spectroscopic binary of the late type 
we should expect the masses to be small. The presence of the 
unknown factor sin’ i prevents us from applying the test with 
certainty, but the indications strongly confirm this view. 

In addition to the ideas that we have been discussing, Hug- 
gins has made an alternative suggestion to account for the 
colors of double stars. He asks:* ‘‘May it not be that the 
effect of great mass on surface density, together with the 
working of Lane’s law . . . will favor in such stars the coming 
in of a solar type of spectrum at a somewhat relative earlier 
time?” Schuster+ has also made and developed the interesting 
suggestion that a massive star would arrive sooner at the solar 
stage because its greater surface attraction would enable it to 
absorb its hydrogen more rapidly. With either of these ex- 
planations the observed facts in a Aurigze and o Leonis accord 
better than with the hypothesis of Huggins that we have 
discussed more fully. On the other hand these alternative 
explanations would necessitate the yellow component of a 
visual binary being always the more massive; this is certainly 
not the case in some instances at least, notably Sirius. 

As the results derived and collected by Lewis are of prime 
importance in this connection we have examined their general 
accuracy and have also collected other determinations of imass- 
ratios made by various computers. These ratios have some- 
times been derived by comparing the dimensions of the relative 
orbit with the oscillations in the meridian places of the brighter 
component. It is obvious that results derived in this way are 
not very reliable unless the period is short and the separation 
wide, for systematic corrections to the early catalogues and 
the instrumental constants are not known wlth the requisite 
accuracy. In a few cases both stars have been observed with 
the meridian circle, and the masses thus derived are a little 
more trustworthy. Still better are the determinations based 
on micrometrical measurements of a third star in close prox- 
imity to the binary. It is a pity that more data of this kind 
were not provided by early observers, and it is to be hoped 
that observers of the present day will recognize the importance 
of making such measures. Our conclusion is that while most 
of these mass-ratios are very uncertain, it does not seem at 
all probable that future investigations on these systems will 
reverse the rule that the fainter star is usually the more mas- 


* Astrophysical fournal 6, 326, 1897. 
+ Astrophysical fournal 17, 165, 1903. 
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sive of the pair unless it is more advanced in type. It is 
certainly true that the fainter star is much more massive 
than we should infer from photometric considerations alone. 

Let m, D, and « represent respectively the mass, the mean 
density and the mean luminosity for a unit of surface of the 
brighter star; m, D, and «x, similar quantities for the fainter 
star, and A the difference in magnitude. These quantities may 
be connected by the equation 


ms Kk \3 Ds 


Let us apply this to the system of ¢ Herculis, in which the 
blue star is about equal in mass to the yellow star, the latter 
being three magnitudes brighter. We obtain 


K D, 


Now since the masses are about equal it is not likely that 
the mean densities differ very much; indeed if there is any 
difference in this respect we should expect the yellow star to 
be the more dense. There seems then to be noescape from the 
conclusion that in a system like this the Juminosity for each 
unit of surface is greater for the vellow star than for the blue. 
There are other systems, notably 85 Pegasi, to which an appli- 
cation of this reasoning would yield even stronger indications 
in the same direction. We regard such systems as forming a 
striking confirmation of the view that the photosphere of a 
solar type star may be hotter and brighter than that of an 
earlier type. 

Huggins’ explanation for the evolution of double stars, ex- 
tended as we have here indicated, can certainly not be regarded 
as complete, but the observational material at present avail- 
able would seem to raise against it no fatal objection. In our 
opinion it forms the most plausible working hypothesis with- 
in our reach, and the best base from which to pursue further 
investigations. 

February 24, 1910 
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ARE SPACE AND TIME REALLY INFINITE? 


WILLIAM H. PICKERING. 


Every one who considers the question of proceeding indefin- 
itely along a straight line must feel the impossibility of coming 
to a point where there is no space beyond him, and yet at 
the same time he must feel that infinite space is itself an 
impossibility. To avoid this difficulty it has been suggested 
that space is curved, with a definite radius and direction of 
curvature at every point. In other words we should accept 
the idea that plane triangles and rectangular coérdinates are 
merely aclose approximation to fact, but that all figures are 
really constructed in spherical coédrdinates. 

Now it is a property of infinite space, of any number of 
dimensions, that if it be properly curved, and inserted in space 
of one higher dimension, it will become finite. Thus if infinite 
space of one dimension represented by a straight line, be 
properly curved and inserted in a plane, it will become the 
periphery of an ellipse, if uniformly curved it will become that 
of a circle. Similarly if space of two dimensions, represented 
by a plane, be properly curved and inserted in three dimen- 
sional space it will become the surface of an ellipsoid. Similarly 
if ordinary or three dimensional space be properly curved, 
and inserted in space of four dimensions, it will become finite 
in volume, and represent what would correspond to the sur- 
face of a fourth dimensional solid. Thus if we should go far 
enough east, we should reach the west, if far enough north 
we should reach the south, and if far enough into the zenith 
we should reach the nadir. 

Not only may all this be so, but we have absolutely no 
reason, outside of our previous convictions, for thinking it 
otherwise. The case is quite analogous to that of the ancients, 
and the modern paradoxers, who still believe the Earth flat. 
We do not know that we see the stars along straight lines, 
indeed the curvature might be distinctly measureable, had we 
the proper means to observe it. Obviously the radius of curv- 
ature must be enormous, since we do not see around the 
universe and back to the Sun. Also we know that the ab- 
sorption of light in space is extremely small. The idea is 
perhaps no more difficult of belief than the possibility of 
infinite space, and it may therefore at least be held as an 
alternative hypothesis. If we accept it, however, we are at 
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once brought face to face with the actuality of the fourth 
dimension, and from this there seems to be no escape. It is 
either the fourth dimension or infinity. Whichis the more likely? 

If we admit a fourth why not a fifth, sixth, or nth? Simply 
because there is no need of them as far as our knowledge 
extends. The fourth is sufficient for our purposes, and to a _ 
reasonable mind unfamiliar with our universe, space of four 
dimensions would appear to be a priori quite as probable as 
space of three. 

If it is difficult for us to imagine infinite space, it is still 
more so to comprehend infinite time. As we go back eternally 
through the ages how is it possible for tfere to be still an 
infinity of time before that? Yet we cannot conceive of an 
actual day or instant, before which time did not exist. In 
graphical solutions time is represented by a straight line, 
and may be compared to space of one dimension. But suppose 
that time too is curved, and has another dimension that 
we have not yet detected. Time then may be represented by 
an ellipse or a circle, and if we go back far enough into yes- 
terday, we shall arrive at tomorrow. Of course we should 
not live our lives over again, because matter in the mean time 
would have changed, and when the present day again arrives, 
it will be upon a very different universe. Both infinity of time 
and areturn of time seem to us now impossible. If the latter 
is the more difficult to comprehend, may it not be simply 
because it has not occurred to us before. 

Even admitting the return of space and time, our position 
is still difficult of conception. Matter and energy may be 
indestructable, but they are certainly both subject to degrada- 
tion. This would imply a beginning and subsequent end to 
both. Our only escape from this dilemma seems to be that a 
winding up process occurs when time is on the opposite side 
of its course or when we are in some other portion of space. 
Perhaps we have a clue to our method of escape from this 
difficulty in Kapteyn’s conclusion, Astrophysical Journal 1910, 
31, 262, that in the early history of each star there was a 
time when gravitation had no effect. We are now however 
far beyond our depth in the unknowable, and suggestion even, 
at this point seems fruitless. 

It is generally assumed by cosmogonists that space has but 
three dimensions, and that space and time are infinite. The 
object of this paper is simply to point out that alternative 
suppositions are possible. 
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METEORS FROM HALLEY’S COMET ON MAY 6. 


E. W. ABELL. 


Now that Halley’s comet has passed the Earth without 
harm (at least to us), and is rapidly disappearing into the 
depths of space, not to return again, in the ordinary sense 
for 76 years, it may be of interest to note, that the Earth 
was probably actually hit by fragments from the comet on the 
morning of May 6, and may continue to be so struck every 
year at the same date until the main body of the comet again 
visits us 76 years hence. Thus it might be said that the 
comet is always with us. 

The reason for this is not far to seek. The comet has been 
pursuing its beaten track around the Sun since the dawn of 
history, and undoubtedly had been doing so long before that. 
The accounts of many of its earlier appearances seem to indi- 
cate that it has been a striking and even terrifying object. 
The present return was rather disappointing. More of a dis- 
play was looked for. As a matter of fact this once great 
comet has for ages been slowly disintegrating, just as steadily 
and surely as the most imposing height will become leveled 
to the rest of the Earth’s surface, and its pulverized particles 
be turned up by the plowshare. Any one who has climbed 
mountains or clambered over the accumulating debris at their 
bases must have been forcibly impressed with this fact. 

Thus Halley’s comet, strained and probably ruptured, on its 
many successive returns, by the action of the Sun, as well as 
scattered by the frequent collisions among themselves of its 
more solid masses and the attractive force of the planets by 
which it passes, has hecome separated and strung out along 
its orbit, perhaps throughout its entire length. These meteoric 
substances, most of them no doubt comparatively small, rang- 
ing in size perhaps from a pebble to a boulder, revolve around 
the Sun in the same old orbit as the comet. They naturally 
get scattered each side of the main path, as well as along its 
length, so that the comet’s material is, in reality, becoming a 
vast ring of meteoric matter several millions of miles wide. 

The rings of Saturn are known to be made up of innumerable 
small masses revolving around the planet. It is not supposed 
that they are the remains of one or more captured comets—at 
least I have never read of this theory being advanced—but it 
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PLATE XVIII. 


HALLEY’S COMET TO THE NAKED Eye. 


Drawn by Luis G. Leon, Mexico (See Comet Notes). 
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occurs to me that our zodiacal light may possibly be the 
scattered remains of an unusually large comet captured by the 
Sun untold millions of years ago, and has become so disinteg- 
rated and dissipated throughout space that only a faint glow 
from its innumerable dust-like particles remains, in the form 
of a broad ring around the Sun. These particles would natur- 
ally be gradually drawn in toward the Sun, and even fall into 
it, while they lasted, sothat they would appear more numer- 
ous near it, as observed. 

To return to the morning of May 6, it is of course evident 
that we are most likely to encounter the outlying fragments 
of Halley’s comet whenever the Earth approaches closest to 
the comet’s orbit. This happens each year about the 6th of 
May. When the main hody of the comet itself is near the 
Earth we may expect to meet more of these fragments than 
when it is far away in space. When observing the comet 
May 6, at Folson, Pa., near Philadelphia, about 3:30 a. M. 
I was impressed with the short sudden flashes of several little 
shooting stars coming so close together that I remarked about 
them to my son Walter whom I had awakened to see the 
comet. They may have been 20 or thirty degrees to the right 
ot the comet, and somewhat higher, probably 30 or 40 degrees 
above the horizon. A month or two previously I had marked 
a small pocket calendar to watch for comet meteors on May 6 
in accordance with Professor W. H. Pickering’s article in Pop- 
ULAR Astronomy for March; but I had forgotten about it and 
could not make out the word meteor in the calendar note on 
the day indicated. Theretore I was not looking for meteors 
and made no special observations on them. As my son who 
is 13 years of age and not used to observing the sky, did not 
see them, being intent on the comet, it is probable that I 
missed some before I happened to glimpse the first one, and 
then almost involuntarily kept an eye on the same region, no- 
ticing others. One of them was quite large, probably of the 
3rd or 4th magnitude and with a train 6 or 8 degrees long. 
Daylight began to be noticeable soon after, about 3:40. With 
the exception of the larger one, these shooting stars were 
small and exceedingly rapid. Their paths were short, and 
downward. They were visible only for an instant. 

My disappointment can be imagined when, aday or two later, 
I made out the word ‘‘meteor’”’ in the calendar, and at once 
connected it with the shooting stars I had seen. For, of the 
many times I got up to observe the comet while it was visible 
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in the morning, this observation of the meteors was probably 
the only one of any real scientific importance that, as an ama- 
teur, it was possible to make. Many things about the comet 
were noted and recorded, but with the feeling that the obser- 
vatories were doing the same things, and much besides, far 
more accurately with the most perfect instruments. 

Whether the comet is actually strung out yet throughout its 
entire orbit sufficiently to cause shooting stars on the Earth 
each year as we approach closest to the comet’s path on May 
6, can be told only by observation, and here is a field where 
amateurs can do good work. There is a well established record 
of shooting stars observed on the 6th of May, which are no 
doubt supposed to be from Halley’s comet. It would be of 
service if professional astronomers would tell us through Pop- 
ULAR ASTRONOMY, more about how to observe these Halley 
meteors—whether they might be seen as well on the evenings 
of May 5th and 6th, and if so in what direction to look, and 
how to distinguish them from other shooting stars that might 
be noticed. 

Folsom, Pa., May 27, 1910. 


PLANET NOTES FOR SEPTEMBER AND OCTOBER, 1910. 


Mercury will be visible in the mornings of the first two or three days in 
September and again in the evenings around October 11, upon which evening 
the planet reaches its greatest elongation, west from the Sun. On September 
25 it will be at Inferior conjunction and on October 8, at perihelion. During 
the last days of October, Mercury, Venus, Mars, Jupiter, the Moon and the 
Sun will be very close together but the presence of the Sun will prevent us 
from witnessing this extraordinary gathering. 

Venus will be a morning star during the two months. It will be at peri- 
helion September 16 and will reach its greatest heliocentric latitude October 8. 
It will be in conjunction with the Moon September 1, October 1 and 31. 

Mars will move through Leo and Virgo during September and October. 
It will be in conjunction with the Sun September 27, and so, during the two 
months, will not be in a position favorable to observation. 

jupiter will be the evening star in Virgo during September. It will reach 
conjunction with the Sun October 18 and so will not be visible during that 
month. 

Saturn will be in Pisces, It will be at opposition 180° from the Sun Octo- 
ber 26, at which time it will be visible all night. 

Uranus will still be in Sagittarius at an altitude too low for satisfactory 
observation by northern observers. It will be stationary in right ascension 
September 30, after which date its motion will be direct. 

Neptune willbe visible in the morning in the constellation Gemini. It will 
reach quadrature 90° from the Sun October 15. Un October 25, it will be 
stationary in right ascension. 
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WEST HORIZON 


sours MORIZON 
THE CONSTELLATIONS AT 9:00 P.M. Aug. 1, 1910. 
Occultations visible at Washington. 


Oct. 13 143 BCapricorni 6.1 10 59 26 
15 336 B Aquarii 6.3 10 28 122 
19 175 B Arietis 6.4 19 47 85 


11 56 273 
10 53 162 


IMMERSION. EMERSION. 

Date Star's Magni- Washing- Angle Washing- Angle Dura- 
1910 Name tude. ton M.T. f'm N. ton M.T. f'm N tion 
h m h m h m 
Sept. 23 248 B Tauri 6.0 12 25 49 13 27 264 1 2 
23 95 Tauri 6.2 16 18 26 17 15 297 0 57 
24 125 Tauri §.1 12 58 47 13 56 279 0 58 
29 46 Leonis 5.8 16 19 168 16 52 230 QO 33 

0 


20 38 248 Oo 51 
20 » Tauri 4.2 18 58 144 19 26 199 O 28 
20 72 Tauri 5.4 19 12 10¢ 20 7 242 O 55 
24 Xd Cancri 5.9 10 Zz 114 10 54 252 O 47 
24 28 Cancri 6.1 13 22 59 14 16 311 O 54 
24 =v! Cancri 5.7 14 49 58 15 47 320 O 58 
24 » Cancri 6.4 15 49 37 16 23 347 O 34 
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COMET NOTES. 


Halley’s Comet.—On the morning of May 20th remaining fragments of 
the tail of Halley’s Comet were last seen in the east. The next view of the 
comet was obtained in Des Moines on the evening of May 23 in the west. 
While the tail was almost completely obliterated by the full Moon, through 
the telescope the head presented its most interesting aspeet. The nucleus was 
surrounded by a halo or coma across which lay an unusually bright sector, 
much brighter than the one on May Ist. It did not point directly toward the 
Sun, but made an angle ot 164 degrees with the tail. It was sixty seconds of 
are in length and covered about two fifths of a semicircle. 

On the evening of the 24th two exposures were made in full moonlight. 
The one with the five-inch Brashear doublet from 9:20 to 9:35, C. S. T. showed 
the bright nucleus surrounded by a nebulous sheath and the tail divided into 
four distinct rays. A faint trace of the sector could be detected. 

Three photographs were taken on the evening of the 25th of May. One 
with the three-inch portrait lens, one with the five-inch Brashear doublet, and 
one with the eight and one-fourth photographic refractor. The negative by 
the eight and one-fourth refractor, with its large scale is very interesting. It 
is strikingly like the drawings of the head of Halley’s Comet by C. P. Smyth 
on January 30 and February 1, 1836. (See PopuLar Astronomy Vol. 
XVIII, Pg. 361.) His description of the elongated coma and of the transverse 
line through the nucleus would apply in detail. But it should be added that 
enveloping this was a second halo or sheath which seems to be ina different 
plane from the main body of the comet. The plate taken with the five-inch 
shows the tail divided into three parts, the middle is quite irregular on the 
south follewing side This One again divides into two parts at about four 
degrees from the head. On the three-inch plate, the tail can be traced for 
nearly fourteen degrees. 

It was not possible to get a good view of the comet again until the 29th 
when three more photographs were obtained. The one with the eight and 
one-fourth-inch showed the bright part of the coma much reduced and the 
external envelope of the twenty-fifth of May much enlarged. The transverse 
line had shortened to practically a point and the entire head was more nearly 
round. On the five-inch plate the tail was the strongest of any of the photo- 
graphs obtained. The bright irregular central streamer tapered from a little 
to one side of the head for a distance of about two degrees and then diverged 
again and grew brighter. The whole comet was enveloped in a delicate 
nebula. 

By the next night, May 30th, the comet had changed materially. The 
head presented a knob-shaped appearance, directly behind which projected a 
cone-shaped tail. The tail did not come from around the head as it did in nearly 
all the other photographs. It was singularly like Giacobini’s Comet (1905 C.) 
on December 29th, 1905. The tail was composed of streamers, those on the 
south side being the brightest. On the plate taken with the eight and one- 
fourth-inch the head showed a perfectly circular disc with a bright nucleus. 

The photographs of June 5th were among the most interesting, On this 
date the head was bright, but the tail faint and contorted. Near the head, the 
tail was very slender and appeared to be loosing connection with the head. 


PLATE XIX, 


May 30, 1910, 9:20-9:60 p. m. C.S.T. June 5, 1910, 10:00-10:30 p. m. C.S.T, 


PHOTOGRAPHS OF HALLEY’S COMET 
By D. W. Morehouse. 


PopuLar Astronomy, No. 177. 
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A view of the comet obtained last evening, June 27th, showed it very faint. 
No tail could be discerned in the eight and one-fourth telescope. 


D. W. MOoREHOUSE. 
Drake University, 


Des Moines, Iowa, June 28, 1910. 


Comet Halley.—Continued cloudy weather during the last half of 
April, prevented any sight of this comet until May 3, when it appeared asa 
fine object in the eastern sky, being as bright as a Pegasi, and the tail could be 
traced for nearly ten degrees, even under the glare of an electric arc lamp, and 
a well advanced dawn. The nucleus was not very sharply defined as the head 
was strongly condensed toward it, and tail was of equal brightness across, 
and gradually shading to extremity. 

May 4, 15h. 30m.—Brightness and length of tail about the same as vester- 
day, but tail brighter on edges, and at head this brightness amounts to two 
jets, the one on lower side much longer and brighter than the other. 16h. As 
dawn advances the jets are more distinct, as at first they were not easily seen. 
The one on lower side extending over a half degree back of head and the 
other was about a third as long. 

May 11, 15h. 35m.—Comet about equal to a first magnitude star. Tail 
about same length as before, but slightly curved upward, and a little wider, 
and brighter on upper side, in reverse of May 4. Seeing not very good owing 
to clouds and haze. 

May 18.—Watch was made at different times of night for any unusual 
phenomena, but nothing was noted. Moon set at 14h 30m., and immediately 
a great shaft of light was seen extending from eastern horizon past and 
between y and a Pegasi to nearly 7 Aquilae, and evidently the tail of Halley’s 
comet. It was over 5° wide at its brightest place near and west of a Pegasi, 
and from there it gradually narrowed and became more diffuse, and reached 
well into the Milky Way. The tail thus extending fully 120° from Sun, and 
was about 15° north of the Earth’s way. This was obliterated by the dawn 
at about 15h. 20m. 

May 19. 14h. 50m.—An observation was made to see if the tail of Halley’s 
Comet still persisted in the east, but owing to haze it was uncertain, as 
Milky Way was barely visible. 

Mas 21, 8h 7m.—Comet visible to naked eye. In 3-inch appears with ex- 
tensive coma, and sharp nucleus of 2nd magnitude, and once as if it had a 
fan shaped tail, considerable sharper on edges, or as two jets diverging at an 
angle of about 40°, but clouds, haze and moonlight, rendered detail uncertain. 
Comet was about a degree and a half east of y Geminorum. 

May 22, 8h.—Commet visible to naked eye, about same as last night, as to 
brightness, but with a tail several degrees long, and in telescope with two 
strong jets, or double tail, but owing to clouds and haze, could not hold 
comet long enough at any one time to be sure. 

May 26, 9h 10m.—Comet a very fine object to naked eye, tail could be 
traced for about 25°, or to nearly below Jupiter. Coma was round and about 
20’ in diameter; but the nucleus was of most curious shape, being transversely 
elongated, with a sharp edge on tail side, and diffusing off on Sun side, and 
being nearly twice as long as broad, the length being at right angles to the 
axis of tail. The sharp or outer side was curved, while the other was more 
angular. Tail was straight and widening outward, brighter near head, and 
showing no special detail. 
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May 27, 9h. 10m—Comet very fine, tail nearly 30° long, head round 
and diffusing from center outward, with sharp nucleus nearly round, at times 
appears double. 

May 28, 9h. 20m.—Comet equal to a third magnitude star, and the 
nucleus equal to a fifth magnitude star. There was a cloudy haze all evening. 

Jude 5, 9h. 40m.—Comet quite faint eyual toa fifth magnitude star, very 
faint tail and no distinct nucleus, but a strong central condensation. 

June 7, 9h. 30m.—Comet about equal to p Leonis, tail about eight or ten 
degrees long. In telescope shows a coma and nucleus, or rather the nucleus 
was broken up into several puvints, but owing to the density of head, the 
points could be held as separate for only short intervals. 

June 24. 9h. 35m.—Comet faint, owing to low altitude not well observed, 
but nearly round with strong central condensation. 


‘ Wa. E. SPERRA. 
Cleveland, Ohio, July 3, 1910. 
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THE Tat. OF HALLEY’s CoMET May 18, 

AS SKETCHED By H. C. WILSON. 


Halley’s Comet in Mexico.—My first observation of Halley’s comet 
was made on the 17th of November with the aid of the 32 centimeters equa- 
torial of the National Observatory of Tacubaya. On that time the comet 
seemed a minute ball of cotton among a beautiful stellar field of the constel- 
lation of Taurus. Many December evenings I passed searching around 
“Aldebaran’”’ for the celestial, traveler but I could not find it. It was until the first 
day of January, 1910,when I could distinguish it with my ‘‘Zeiss” telescope of 
80mm. Since then I observed it every night which was not cloudy. 

The last time 1 saw it, before the conjunction was on February 26th. 
Afterwards the fogs of the horizon prevented me to do so. 

On March 25th Halley’s comet was in conjunction with the Sun, and until 
the 8th of April was observed by the astronomers of Cape of Good Hope. 

From April 13 I began to get up myself very early, but the dawns were 
entirely cloudy and it was impossible to make observations. On the 20th was 
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Currous ASPECT OF THE HEAD OF HALLEY’sS COMET, JUNE 8, 1910. 


Drawn by Luis G, Leon, Mexico. 


PopuLaR ASTRONOMY, No. 177. 
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the first time I saw again the comet near the great Pegasus square and with 
its thin and straight tail, directed towards the south west. 

One of the drawings which go with this article shows the aspect of Halley's 
comet at 4h. 20m. in the morning of the 12th of May. The nucleus was near 
the star 58 of Pisces and the tail extended to the star ‘‘Zeta’’ of Pegasus, so 
the length of the comet was about 32 degrees. 

The tail went on gaining in length, until May 18th when it reached 120 
degrees. 

On May 20th the comet was seen again at the western sky after sunset. 

Since May 23, day of the eclipse of the Moon, weather has been bad and 
few observations were made. 

On the 8th of June and after a heavy shower, the sky got clear and at 7h 
30m it was possible to see the comet very plainly. The nucleus was near the 
stars Nos. 29 and 30 of the Sextant and the tail went through thesame two stars. 

The coma has a very curious shape, just like an electrified duster. (second 
drawing). 

Let us profit by these last evenings in order to observe the comet with 
our telescopes, because when it shall return in 1986, only our grand-children 
will be able to say welcome to it. 


Luis G. Leén. 
Mexico, June 10, 1910. 
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THE TaIL OF HALLEY’s COMET May 16, 17 aNnp 19, 
AS SKETCHED By H.C. WILson. 


Halley’s Comet.—E. S. Neauson Jr. of the Emerson McMillan Observa- 
tory, telegraps that a short, bright tail to Halley’s Comet was visible this even- 
ing May 23 being directed towards the Sun, sky hazy. 

A photometric measurement of the light of the nucleus of Halley’s comet 
was made at the Harvard Observatory last evening by Professor Wendell. 
Two groups were taken, the resulting magnitudes being 6.52 and 6.61. A 
maximum of light, 2.5 long, at P. A. 229° was also seen, as on the previous 
night. 

The estimated total light of the comet by Mr. Campbell, by the Argelander 
method, was 2.1 magn. Tail 7° long. 
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Nine photographs of the comet were taken by Mr. King, one being a_spec- 
trum photograph. 

An excellent photograph of the comet, showing much detail has been 
received from Mr. Frank E. Hinckley, in charge of the Arequipa Station. 

A telegram dated May 24, from Professor A. E. Douglas of the Tucson 
Observatory, states ‘“‘Halley’s Comet nucleus tonight divided in two parts, 
separated one half minute nearly in line with its motions,” 

A letter dated May 22, from Mr. W.E. Sperra, Cleveland, Ohio, states 
“1910, May 18, A great shaft of light extended from horizon between y and 
a Pegasi, tonearly » Aquilae, Over 5° wide near and west of a Pegasi. Tail 
extended fully 120° from Sun.” 


Harvard Astronomical Bulletin No. 412, 
May 25, 1910. 
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THE TalL oF HaLiLey’s CoMET May 23, 25, 27, AND 28, 
AS SKETCHED By H. C. WILson. » 


Halley’s Comet.—In a letter dated May 25, 1910, Mr. Alfred E. Harris 
of Worcester, Mass. states that on Friday morning, May 20, at 3 o'clock, he 
saw a faint, luminous appearance which seemed to start from a little south 
of the great square in Pegasi and reached the Galaxy near the bright star a 
Aquilae. It was quite clearly defined on the southern but more diffuse on the 
northern side. This agrees with the observations described in Bulletin 409 
and 410. 

Photometric measurements of the light of the nucleus of Halley’s Comet 
were made at this Observatory by Professor Wendell, on May 26 and May 29. 
The resulting magnitudes were 6.43 and 803, respectively. On May 26, a 
dark spot, or area, was seen behind the nucleus and in line with the tail. 
but on May 29, this was wanting. 

On May 26th Mr. Campbell estimated the comet as magn. 2.2 and the tail 
38° long. On May 29, he estimated the comet as magn. 2.9 and the tail 
30° long. 

Nine photographs of the comet were taken by Mr. King on May 26, one 


of these being a spectrum plate. On May 29 four photographs were taken. 
Harvard Astronomical Bulletin. No. 413. 
May 31, 1910. 
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Halley’s Comet, May 18-20.—We saw no effects here caused by the 
passage of the Earth through the tail of Halley’s Comet, either on the nights 
of May 18 or May 19. The sky was entirely overcast all day on May 18 
with occasional showers and south west winds. A heavy shower with winds 
shifting to west northeast took place at 6" 40" to 7" 5" p.m. The rain 
ceased and the sky cleared rapidly and was perfectly clear after 7" 45" and 
until nearly 10" p.m. when it clouded again very suddenly. During the entire 
night after 10" p.m , the sky was alternately cloudy and foggy with occasional 
light showers and variable winds The night of May 19 was perfectly clear 
all night. Nothing unusual was seen. Several Auroral streamers were visible 
in the northwest and northeast just before midnight but they disappeared 
soon after. Soon after 3" a.m. (morning of May 20 civil time) after the Moon 
had set avery faint streak of light was visible just south of the square of Pe- 
gasus, where the tail of Halley’s Comet was seen on previous mornings. This 
streak of light was difficult to see and was much fainter than the faintest parts 
of the Milky Way. It was say 40° to 45° long and nearly straight. Observations 
of the comet since it has been visible in the evening sky show that it is 
moving almost exactly in its computed orbit and that the Earth must have 
passed through the tail early on the morning of May 19. This would make 
it several hours after the transit of the head over the Sun’s disc. The comet 
is now fading away rapidly. Last night (May 28) ninth magnitude star was 
seen through the brightest part of the tail at 9" 30™ o’clock (75th meridian 
time) without any determination of light whatever. 

F. E. SEAGRAVE. 


Observations of Halley’s Comet.—On the morning of May 13 the 
comet presented a beautiful spectacle. The head was seen about 2:50 a.m. 
The nucleus, which was yellow in color, seemed nearly as large as Venus but 
much fainter, although it was considerably brighter than a Andromedae. 
From this the tail extended to a distance of more than 40°, lying not quite 
parallel to the square of Pegasus and being over two degrees wide at the end, 
where it faded in the constellation of Aquarius. As is seen from the accom- 
panying rovgh drawing, the upper edge passed through @ Pegasi and the 
lower edge cut about half way between @ Pegasi and a Aquarii. 
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THE Tait oF Comet. May 13, 1910. 
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The tail was estimated as about 60° long on May 16. It was somewhat 
broader and much fainter than on May 13 and had faded considerably by the 
time the head rose. In the dawn the nucleus did not appear as bright as 
a Andromedae. 

On May 17 the upper end of the tail, which was observed shortly after 
2:00 a.M., appeared about twice as broad as on May 13, extending from 
above 6 Pegasi to below a Aguarii. It could not be traced quite to the Milky 


Way but extended well into the constellation of Aquarius and so must have 
been over 70° in length. 
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THe Tam or HatLey’s Comet, May 17, 1910. 

Just as the Moon was setting, about 2:30 fa.M., May 19, a light streak over 
80° long was noticed in theeast about where the tail of the comet had been ob- 
served during the last few days. It appeared like the comets tail inverted, 
being over 10° broad at the lower end just beyond the square of Pegasus 
where it became visible It cut almost diagonally across Pegasus, the upper 
edge passing above a Pegasi through e Pegasi to @ Aquilae. The lower edge 
passed through @ Pegasi and gradually approached to within about 2° of 
6 Aquilae where it became lost. At this point it was much narrower than in 
Pegasus, being not more than 3° wide. A slight curvature was apparent 
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THE Tai oF Ha ComMET May 19, 1910. 
towards the upper edge. 
Two noticeable dark streaks were visible above and below this ‘tail’. The 
lower one was of especial interest as it clearly separated the tail from a bright 
region which lay along the ecliptic, presumably the zodiacal light. 


HELEN M. Swartz. 
Vassar College Observatory. 
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Observations of Halley’s Comet.—The tail of Halley’s comet was 
observed here 3 mornings under favorable conditions, May 16 19" 45™ Gr. M.T. 
the tail was a band estimated to be 8° or 9° broad in its widest place. It 
seemed to be straight with no breaks in it steadily brightening and still 
broad toward the horizon. It extended to @ Aquilae perhaps but was easily 
seen to 71 Aquilae, which would make the tail about 90° in length. _ The 
northern edge of the tail just touched y Pegasi. May 17 19° 40™. The tail 
seemed a little broader, say 11°. The middle of the tail passed through 7 Pegasi. 
The end of the tail passed @ Aquilae a little to the south of it. The tail 
still straight brightening toward the east with no breaks apparent. The tail 
was at least 120° long. The change of position angle in the tail has tended 
to bring it more nearly parallel to the ecliptic but it is still far north of the 
Earth’s plain. As the tail was still so narrow and broadening so slowly it 
was apparent the tail could not be crossed in 24 hours more. It was evident 
therefore that the tail was lagging behind the radius vector. 

The next night was cloudy here but on May 19 19h 45m the sky was 
beautifully clear. The tail was still visible in the east but had changed very 
much. It was very faint and indefinite. The axis of the tail passed about 
through a Pegasi and in the square of Pegasi it was about 25° broad, filling 
in the whole region between 7 and y Pegasus. Farther west than Pegasus 
it narrowed rapidly but was still visible to @ Aquila. At this time it was very 
nearly parallel with the ecliptic but was no nearer that plain than on May 17. 

I enclose a drawing which shows the position of the axis of the tail on 
the three nights. These three observations would seem to imply that we did 
not pass through the tail but south of it and that the tail was very much 
bent in the plain of the comets orbit. As we were so nearly in that plain 
the effect was destroyed by forshortening. It was also evident that there 
was little or no curvature outside the orbit plain. Had the tail been straight 
and perpendicular to the Earth’s motion the broader part of it ought to have 
been in the direction of the Earth’s motion on May 19th. That point is 
marked with a cross on the accompanying chart as a matter of fact on that 
night the broadest part of the tail was at least 35° east of it. As Halley’s 
Comet bears so slight an inclination to ours we would only rarely be well 
situated to observe its structure in the plain. Perhaps if we could have ob- 
served it from far above or below that plain it might have been ascomplicated 
in structure as Donati’s or even Morehouses’ comet. I look for the most 
interesting news of comets tails in those of high inclination or as viewed 
outside the orbit plain. 


JorEL H. METCALF 
Taunton, Mass., May 23, 1910. 


Comet a 1910.—I have lately got two good measures of the great 
January comet (a 1910). It is faint. Micrometer measures were obtained of 
it on June 7 and 12. It was very diffused and perhaps 1%’ diameter. There 
was a more condensed part about 5” diameter which was about 16 magni- 
tude. Its distance now is about 2.7. 

On May 26 a twisted mass in the tail of Halley’s comet was shown in 
the photographs about 4° back from the head; this was moving out at the 
rate of about 16’ an hour 

On June 6 the comet seemed to have discarded its tail and started a new 
one, in some respect similar to the case of Borrelley’s comet 1903, July 25. 
The new tail was at a considerable angle to the discarded one. The near 
end of the receding tail was about 112° back from the nucleus at 9" 47" C.S.T. 


E. E. BARNARD. 


Yerkes Observatory. 
Williams Bay, Wis. 
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Variable Stars 


Name. 


or 


x Androm. 
T Androm. 
T Cassiop. 
R Androm. 
S Ceti 

Y Cephei 
UCassiop. 1 
V Androm. 

RR Androm. 
W Cassiop. 

S Cassiop. 

U Persei 

W Androm. 2 
S Persei 

RR Persei 

R Trianguli 

Y Persei 3 
R Persei 
TCamelop. 4 
X Camelop. 
RAurigae 5 
S Camelop. 

V Camelop. 

X Aurigae 6 
V Aurigae 

S Lyncis 

R Lyncis 

S Gemin. 7 
T Gemin. 

X Urs. Maj. 8 
T Cancri 
WCancri 9 
Y Draconis 

R Leo. Min. 

R Leonis 

V Leonis 

R Urs. Maj. 10 
W Leonis 

S Leonis 12 
RX Virginis 

R Comae Ber. 
RW Virginis 12 
T Virginis 

R Corvi 

SS Virginis 

T Can. Ven. 

Y Virginis 

T Urs. Maj. 

R Virginis 

RS Urs. Maj. 

S Urs. Maj. 

RU Virginis 

U Virginis 

RT Virginis 
RV Virginis 13 
V Virginis 

R Hydrae 

S Virginis 


m 
10.8 
17.2 
17.8 


R.A. 
1900. 


Decl. 


1900. 


12.3d 
13.0d 
14.5d 
8.0 
11.5d 
9.0d 
12.3d 
12.5d 
12.0d 


7.51 


AHS 
Q Gin, 


NAG! 


Magn, 


Name, 


h 
T Urs.Min. 13 
R Can. Ven. 
RR Viriginis 
Z Bootis 14 


Z Virginis 
j U Urs. Min. 
i S Bootis 


V Bootis 

R Camelop. 

R Bootis 

V Librae 

RT Librae 15 
T Librae 


Y Librae 


Librae 

S Serpentis 
S Coronae 
RS Librae 
RU Librae 
X Librae 
S Ur-.Min. 
U Librae 


i; R Coronae 
; X Coronae 


R Serpentis 
V Coronae 
R Librae 
RR Librae 
Z Coronae 
RZ Scorpii 
Z Scorpii 16 
R Herculis 
U Serpentis 
X Scorpii 
W Scorpii 
RX Scorpii 
RU Herculis 


RK Scorpii 


S Scorpii 
W Coronae 


i V Ophiuchi 


U Herculis 
Y Scorpii 

SS Herculis 
T Ophiuchi 
S Ophiuchi 
W Herculis 
RR Ophiuchi 
R Draconis 
S Herculis 


i; RV Herculis 


RK Ophiuchi 17 


i; RT Herculis 


Z Ophiuchi 
RS Herculis 
RU Ophiuchi 
RT Ophiuchi 
RY Herculis 


R.A. 


1900. 
m 


Hae 


ong 
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Approximate Magnitudes of Variable Stars on July 1, 1910. 
[Communicated by the Director.of Harvard College Observatory, Cambridge, Mass.] 


Decl. 


190 
? 


0. 


Magn 


| 
__ 
+46 27 8.0 32.6 +73 56 10.07 
+26 26 8.5 44.6 +40 2 10.0; 
+55 14 9.0d 59.6 —8 43 <13 
18.8 +38 1 14.5d 1.7 +13 59 13.0; 
5 19.0 — 9 53 12.0 5.0 —12 50 <13 
z 31.3 +79 48 11.0 15.1 +67 15 9.07 
40.8 +47 43 9.0 19.5 +54 16 9.07 
44.6 +35 6 10.5d 25.7 +39 18 10.0d 
45.9 +33 50 9.0d 25.1 +84 17 8.3d 
49.0 +58 1 12.0d 32.8 +27 10 7.8d 
12.3 +72 5 10.5d 3 —17 14 12.3d 
53.0 +44 20 11.0d —18 21 9.0; 
11.2 +43 50 14.0d —19 38 13.0d 
15.7 +58 38 8.5 —s5 388 <14 
21.7 +50 49 10.5d —20 2 11.5d 
31.0 +33 50 7.0 +14 40 10.5; 
20.9 +43 50 9.0d +31 44 10.5d 
: 23.7 +35 20 13.0d —22 33 9.0d 
30.4 +65 57 10.8d —14 59 13.5d 
32.6 +74 56 9.5d —20 50 10.7 
9.2 +53 28 8.0d +78 58 10.5d 
30.2 +68 45 9.0d ; —20 52 12.5d 
49.4 +74 30 ee +28 28 70; 
44 +50 15 9.0 45.2 +36 35 10.57 
16.5 +47 45 11.0d 46.1 +-15 26 7.5d 
35.9 +58 0 46.0 +39 52 112d 
53.0 +55 28 47.9 —15 56 <14.5 
37.0 +23 41 0.6 —18 1 10.0d 
43.3 +23 59 +29 19 <13.5 
33.7 +50 30 8.6 —23 50 9.5 
51.0 +24 14 0.1 —21 28 10.9 
4.0 +25 39 1.7 +18 38 <14 
31.1 +78 18 2.5 +10 12 10.5d 
39.6 +34 58 2.7 —21 16 14.2 
42.2 +11 54 5.9 —19 53 12.8 
54.5 +21 44 13.5 5.9 —24 38 <14 
+69 18 10.7d 6.0 +25 20 12.5d 
+14 15 9.2 3 11.7 —22 42 14.0 
+6 0 <14 11.7 —22 39 11.0 
+19 20 90 sii 21.2 —12 12 7.3 
: —6 12 21.4 +19 7 12.0 
— 5 29 23.8 —19 13 10.5; 
—18 42 280 +7 32 98: 
+1 19 2 —15 55 12.3 
+32 3 —16 57 9 
— 3 57 +37 32 1 
2 +60 2 —19 17 
+ 7 32 +66 58 I 
: 34.4 +59 2 +15 7 
39.6 +61 38 P| +31 22 
$2.2 +442 12.3 —15 58 
46.0 + 6 6 11.5 <= +27 11 1 
57.4 +5 43 8.0 +1 37 
2.77 —12 38 <14 +23 1 9.0d 
22.6 — 2 39 13.5d +9 30 12.2d 
24.2 —22 46 8.7d +11 11 14.3d 
27.8 —6 41 12.0a +19 29 11.57 
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Approximate Magnitudes of Variable Stars on July 1, 1910—Con. 


Name. R. A. Decl. Magn. Name. R.A Decl. Magn. 
1900. 1900. 1900 1900 
h m h m 

V Draconis 17 56.3 +54 53 10.07 U Lyrae 19 16.6 437 42 85 
T Herculis 18 5.3 +31 0 12.5d R Cygni 34.1 +49 58 12.21 
W Draconis 5.4 +65 56 10.5d RT Cygni 40.8 +48 32 10.57 
X Draconis 6.8 +66 6 <14 x Cygni 46.7 +32 40 4.67 
W Lyrae 11.5 +36 38 13.0d ZCygni 58.6 +49 46 13.0 
SV Herculis 22.3 +24 58 11.77 S Cygni 20 3.4 +57 42 <14 
T Serpentis 23.9 + 6 14 12.5 R Delphini 10.1 + 8 47 13.0 
RZ Herculis 32.7 +25 58 11.5d U Cygni 16.5 +47 35 10.0 
RY Lyrae 41.2 +34 34 13.37 ST Cygni 29.9 +54 38 9.0 
RW Lyrae 42.1 +43 32 <13 S Delphini 38.5 +16 44 11.3d 
RX Lyrae 50.4 +32 42 <14 TCephei 21 82 +68 5 7.07 
Z Lyrae 56.0 +34 49-14.5 SLacertae 22 24.6 +39 48 9.0d 
RT Lyrae 57.8 +37 22 14.5 R Lacertae 38.8 +41 51 125d 
R Aquilae 19 1.6 + 8 5 10.5i VCassiop. 23 7.4 +59 8 11.5d 
V Lyrae 5.2 +29 30 13.5d ZCassiop. 23 39.7 +56 2 <14 
S Lyrae 9.1 +25 50 10.3d RR Cassiop. 50.7 +53 8 14.0 
RS Lyrae 9.3 +33 15 11.4d R Cassiop. 53.3 +50 50 11.04 
RU Lyrae 9.1 +41 8 13.8 Y Cassiop. 58.2 +55 7 9.0 
U Draconis 9.9 +67 7 <14 


The letter i denotes that the light is increasing; the letter d, that the light 
is decreasing; the sign <, that the variable is fainter than the appended mag- 
nitude. The above magnitudes have been compiled by Mr. Leon Campbell of 
the Harvard College Observatory from observations made at the Vassar, 
Mt. Holyoke, Olcott and Harvard Observatories. 


Maxima of Variable Stars of Short Period not of the Algol Type. 


Unless otherwise indicated the times of maxima only are given; and the times 
of minima may be found by subtracting the interval printed in parentheses under 
the names of the stars. 


SX Cassiop. SU Cassiop. SU Cassiop. SX Aurigae SX Aurigae 
h a h d 


a d 
Sept. 20 16 (—O 22) oct. 22 8 Sept. 12 1 Oct. 24 22 
Oct. 27 6 Sept. 1 16 24 7 3 13 26 11 

3 15 26 6 15 2 27 23 
ee eal 5 13 28 4 16 15 29 12 
7 12 30 3 18 4 31 1 
6 3 SV Persei SY Aurigae 
1110 21 5 Sept. 3 1 
10 4 22 18 13 «5 
14 6 > 18 6 : > 5 
15 7 24 23 «8 
18 8 po 29 10 ” 
22 10 Oct. 10 13 
19 21 16 27 13 15 
26 11 21 4+ bi 26 21 23 18 
30 13 23 2 RX Aurige Oct. 1 23 Y Aurige 
Oct 4 £15 25 1 (—4 0) S ii (—O 18) 
8 17 27 © Sept. 5 3 5 O Sept. 1 21 
12 18 28 23 16 18 6 13 5 18 
16 20 30 22 28 9 8 2 9 15 


11 


SX Aurigae 12 16 21 #5 

8 17 Sept. 1 7 14 5 25 1 

RW Cassiop. 10 15 2 20 15 17 28 22 
(—5 19) 12 14 4 9 17 6 = Oct. 2 18 
Sept. 12 7 14 13 5 22 18 19 6 15 


27 2 16 12 7 
Oct. 11 22 18 11 8 23 21 20 14 8 
17 0 


q 
= 
: 
2 
20 21 Oct. 2 20 Oct. 9 24 9 14 13 
24 23 4 19 21 15 23 3 17 8 oh. 
: 
, 
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Maxima of Variable Stars of Short Period not of the Algol Type.-Con. 


Y Aurigae V Carinae R Crucis 

Oct. 22 ‘Get. 2 Oct. 2 
25 22 ii. 18 8 8 

29 19 18 11 138 4 

25 4 19 24 
RZ ae 81 21 25 20 
‘ - 

Sept. 4 160 
10 4 Sept. “a 37 S Crucis 

91 141 Sept. 

26 if 18 16 13 22 

Oct. 2 6 23 '7 
7 18 27 23 «7 

13° 6 Oct. 1 14 07 23 

a 6 5 Oct. 2 16 
247 ca” 

29 19 = 13 12 1 

S Orioni 4 16 18 
Sept. 8 12 30 9 % 3 
1 30 19 

24 
Oct. 4 Sept. RZ Centauri 
8 17 (Sept 1 10 
16 
23 20 3 7 
31 10 29 93 4 
5 

T Monoc. 27. (8 6 2 
(—9 23) Oct 7 4 
Sept. 11 20 5 2 7 22 
Oct. 7 20 26 it 8 22 
W Geminorum 9 20 
(—2 2) 10 19 
Sept. 3 9 = = 11 17 
27 22 12 16 

19 5 hee 13 14 

18 18 15 11 
i232 28 25 6 16 10 

20 21 Oct. 4 22 17 8 

28 19 14 14 18 7 

¢ Geminorum 24 6 19 5 
T Crucis 200 

Sept. 11 3 na 21 2 
21 7 Sept. 4 13 22 1 

Oct. x 30 11 6 22 23 
17 24 23 22 

21 18 24 17 24 20 

31 21 Oct. 1 11 25 19 

RU Camelop. 26 17 
(—9 12) 14 22 27 16 
Sept. 18 22 21 16 28 14 
Oet. a3. 29 18 
V Carine R Crucis 30 11 

(—2 4) (—1 10) Oct. 1 10 
Sept. 1 15 Sept 3.9 2 8 
8 8 9 5 3. Ff 

15 1 15 1 4 5 

20 21 +4 

28 10 26 17 2 


RZ Centauri RTriang.Austr. 
d h d h 
7 23 18 12 
22 ai 
9 21 25 7 
10 19 28 16 
11 18 
12 16 § Triang.Austr. 
13 15 
14 13° Sept. 3 11 
a5 12 9 18 
16 10 16 1 
17 9 22 10 
18 7 28 18 
19 6 Oct. 5 1 
20 4 at 9 
21 3 
22 1 1 
23° 30 8 
23 27 
25 19 
26 18 Sept. 5 17 
15 11 
28 15 25 5 
29 13 
‘ Oct. 4 23 
30 12 1417 
31 10 24 11 
W Virginis 
(—8 5) 
Sept. 10 20 RV Scorpii 
28 2 « on 
Oct. 15 9 
V Centauri 16 2 
(—1 11) 21 4 
11 5 Sept. 3 7 
22.5 15 10 
og 11 
Oct 3 5 27 13 
8 16 
RV Ophiuchi 
Minimum 
30 16 Sept. 
R Triang. Austr. 8 24 
(—1 0) 12 16 
Sept. 1. 1 16. 9 
4 11 20 1 
7 20 23 i8 
az 5 27 10 
14 15 Oct. 1 3 
17 24 4 19 
21 9 8 12 
24 19 12 + 
28 4 16 21 
Oct. 1 18 19 13 
4 23 23 «6 
8 8 26 22 
iy 30 15 
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Maxima of Variable Stars of Short Period not of the Algol Type.Con. 
X Sagittarii « Pavonis S Sagittae VZ Cygni V Lacertae 
d a d h d h d h d h 
(—2 22) (—4 7) (—3 10) (—1 1) (—1 16) 
Sept. 3 12 Sept. 5 15 Sept. 2 13 Sept. 4 19 Sept. 3 22 
10 12 14 17 10 22 9 16 8 22 
17 13 23 19 19 7 14 13 13 22 
24 13 Oct. 2 21 27 16 1i9 9 18 21 
Oct. 1 13 11 23 Oct. “6 1 24 6 23 21 
8 13 21 2 14 11 29 3 28 20 
15 14 30 4 22 290 Oct. 3 24 Oct. 3 20 
31 5 8 20 8 20 
xvVa 13 17 13 19 
VOphiuchi 4) Vulpeculac 18 14 18 19 
(—6 5) Sept. 7 1 Sept. 2 11 23 71 23 18 
Sept. 17 10 8 19 28 7 28 18 
Oct. 4 13 21 2 15 2 
21 16 22 3 21 10 Y Lacertae Scien 
Sept. 4 15 19 5 Ww 9 ct 
12 5 26 «5 16 17 15 vs 1 15 
19 20 23 00 
27 10 U Vulpecule 29 24 Oct. 2 12 
Oct. 12 a (—2 3) V Vulpeculae 28 16 7 23 
4 4 Sept. 8 11 Minimum Oct. 2 24 13 9 
pie 19 16 10 Sept. 28 8 7 18 20 
24 10 X Cygni 4%. 26 24 «6 
Y Sagittarii Oct. 2 10 (—6 19) 15 23 29 17 
(—2 2) 10 9g Sept. 8 9 20 
6 19 296 3s Oct. 11 38 no SW Cassiop. 
12 14 i 27 13 28 22 Sept. 2 12 
18 8 SU Cygni T Vulpeculae 5 Cephei b- = 
24 2 (-1 (—1 10) Sept. 4 15 13 9 
29 21 Se 2 13 Sept. 5 4 10 OO 18 20 
Oct. 5 16 “Spt. < Ik 9 15 15 9 24 6 
11 11 141 20 18 29 16 
17 5 10 6 Oo 5 3 
14 2 18 12 26 3 ct. 
22 24 eS 22 22 © 10 13 
17 22 et. a 
28 18 21 19 27 9 6 20 15 24 
U Sagittarii 95 15 Oct. 1 19 12 5 21 10 
(—2 23) 29 10 6 6 17 14 26 21 
10 16 22 23 
12 24 15 2 28 7 RS Cassiop. 
19 18 19 13 (—1 19) 
26 12 i: = 23 2 Z Lacertae Sept. 4 7 
Oct. 3 5 20 28 10 Sept. 6 12 10 15 
9 23 18 17 16 22 
TX Cvygni 17 10 = 
22 13 A ‘ = 23. 
a6 if 5 28 2 > 
9: 26 9 Sept. 12 21 P 2 2 
23 11 3 6 o- 44 Oct. 9 4 29 12 
on. 12 7 20 1 Oct. a 
Lyre : 7 30 22 
ne y 2) » Aquilae 27 1 18 9 
2 » (—2 6) VY Cygni RR Lacertae 24 16 
Sept. 5 6 Sept. 2 18 (—2. 14) Sept. 6 9 30 24 
11 22 9 22 Sept 2 8 12 19 
18 4 17 3 10 5 19 5 RY Cassiop. 
24 20 24 7 18 2 25 15 (—7 10) 
Oct. 1 2 Oct. 2 23 25 22 Oct. 2 1 Sept. 5& 22 
7 18 8 15 Oct. 3 19 8 12 18 1 
14 00 15 19 11 15 14 22 30 65 
20 16 23 «OO 19 12 21 8 Oct i2 8 


j 
— 
© 
26 23 30 4 27 9 27 18 24 12 ~ 
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Minima of Variable Stars of the Algol Type. 

[Given to the nearest hour in Greenwich Mean Time beginning with noon. To reduce to 

Central Standard time subtract 6 hours, or for Eastern time subtract 5 hours, etc. For 

stars marked with an * alternate minima are given; ** every third minimum ; + every 

tenth minimum.] 

SY Androm. 
d h 


“ST Persei d Tauri *RY Aurigae RX Gemin. 

d h d h d h a h 

Oct. 2 10 Sept. 4 5 Oct. 4 5 Oct. 6 4 Sept. 7 8 
9 


, 9 12 8 4 11 15 19 13 
*U Cephei 14 19 12 3 17 2 Oct. 1 18 
Sept. 1 8 20 3 16 1 22 13 14 0 
25 10 20 28 0 26 5 
30 17 23 23 
a6 et. 6 22 * RZ Aurigee **RU Monoc. 
21 6 11 7 31 21 Sept. 6 2 go 8 it 
26 6 12 3 
2 6 3 
Oct. 1 6 1 21 RW Tauri 18 4 8 20 
-_ 21 Sept. 5 16 24 5 2 
16 5 *Algol 16 18 Oct. 6 6 
91 4 Sept. 3 4 22 6 2 7 
8 22 19 14 
26 4 2 27 19 i8 8 
14 16 3 24 8 22 666 
31 4 ct. 24 23 
a ; 8 21 30 9 27 16 
* - 
Oct. 1 21 *RW Gemin. 30 8 
Sept. 1 9 7 14 25 j2 Sept. 3 18 Oct. 3 0 
7 12 13 8 oS 9 12 5 17 
13 15 19 2 15 5 8 9 
3 24 19 *RV Persei 20 23 11 2 
25 20 30 13 Sept. 2 16 26 16 13 18 
Oct. 1 23 “RT Persei 6 15 Oct. 2 10 16 12 
8 2 ion” 4 os 10 14 8 3 19 4 
14 i2 13 21 21 20 
20 7 : 18 11 19 14 24 13 
26 10 


RY Persei 30 - 
Sept. t 21 14 : 9 Oct 7 4 6 = *UColumbe RyGeminorum 
8 18 i6 22 : 8 5 Sept. 6 10 Sept 211 
15 14 19 11 12 3 if: 9. “=P 11 19 
22 11 22 1 16 2 i7 15 o1 2 
Oct. 6 4 27 
131 29 16 SS 
19 22 Oct. 2 5 31 21 10 0 28 7 
26 19 4 W Pereci 15 15 
**RZ Cassiop. 9 21 Sept. 7 i4 26 19 as — 
Sept. 3 20 12°10 20 19 _*RW Monoe. 5 10 
iz i2 if 8 10 12 6 
14 14 20 30 10 12 5 15 15 
18 4 22 14 RS Cephei 16 1 19 1 
21 18 25 4 Sept. 1 13 19 20 22 11 
25 8 27 «17 14 23 23 16 25 31 
28 22 30 «6 26 11 29 6 
Oct. 2 12 ATauri Oct. 8 19 Oct. 1 7 Oct. 2 16 
6 2 Sept. 2 14 21 65 & 2 6 2 
9 16 6 13 *RY Aurige 8 22 9 12 
13 6 10 12 Sept. 3 10 12 17 12 22 
16 20 14 10 8 21 16 13 16 7 
20 10 18 9 14 8 20 8 19 17 
24 1 22 8 19 19 24 4 23 3 
26 7 25 6 


6 27 23 26 13 
31 5 30 30 17 


© 
= 
fal 
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Minima of Variable Stars of the Algol Type.—Continued. 


*YCamelop. S Velorum **Z Draconis *SXOphiuchi **SZ Herculis 
da h d h d h d h d h 
Sept 2 18 Oct. 4 4 Oct. 1 13 Sept. 2 5 Sept. 10 13 
9 8 19 3 5 14 6 8 13 O 
15 23 16 1 9 16 10 11 15 11 
22 14 22 0 13 18 14 14 17 22 
29 4 27 22 17 20 18 18 20 9 
Oct. 5 19 21 31 22 21 22 19 
12 10 Y Leonis 25 23 27 0 25 6 
19 9 Sept 1 2 30 1 Oct. 1 8 27 17 
25 15 5 6 30 4 
RR Puppis 11 5 SS Centauri 9 9 Oct. 2 15 
16 7 Sept. 3 18 13 12 5 2 
Sept. 3 13 21 8 S o te 
9 23 17 15 7 13 
16 9 13 16 21 18 10 
92 20 Oct. 1 a2 18 15 25 21 12 11 
Oct. 2 16 6 12 23 14 30 0 14 22 
11 14 28 13 17 8 
12 2 16 15 8 1 R Are 
18 13 » Oct. 3 12 Sept. 4 10 19 19 
21 16 8 11 
24 23 , 8 20 22.05 
26 18 13 10 ‘ 24 17 : 
31 9 19 = 13 6 2417 
RR Velorum 23 «8 22 2 29 15 
5 16 28 26 12 Z Herculis 
10 1 2s 30 23 Sept. 4 18 
14 9 on 8 18 
18 18 21 2 Sept. 1 19 9 19 12 18 
23 «3 26 15 6 11 14 5 16 18 
oF 22 Oct. 18 18 $16 20 18 
+ 13. 8 20 10 
6 5 612 28 17 
10 14 = > 3 31 22 Oct. 2 17 
30 0 Oct. 4 9 Ophiuchi 
7 9 Sept. i 13 10 17 
23 16 SS Carinae S ba 4 1 14 17 
98 1 Sept. 1 17 6 14 18 17 
+X Carinz 23 «0 9 2 
Sent 4 16 15 22 26 16 
a 22 13 27 «16 14 3 30 16 
15 12 29 *U Coron 16 15 *RS Sagittarii 
20 22 Oct. 4 1% Ss 7 91 19 4 Sept. + 14 
ll 8 Sept. ‘ 21 16 
26 8 = 14 19 2 ,) 9 10 
iz Ze D4 5 14 6 
Oct. 1 18 21 17 = 
~ 24 13 : 26 17 19 2 
4 31 3 28 15 99 «65 
12 14 Oct. 5 12 23 22 
18 0 RW Urs. Maj. 12 10 Oct. 1 18 25 16 
23 190 Sept. 6 12 i9 8 4 6 Oct. 3 14 
28 20 13 20 26 5 6 18 8 10 
S Cancri 21 9 13. 6 
Sept. 2 28 *SW Ophiuchi 11 19 18 2 
Get. 5 20 Sept. 4 15 14 8 22 22 
20 23 13 4 9 13 16 20 27 18 ora 
30 11 20 11 14 10 19 : 8 *V Serpentis yy 
Oct. 9 22 27 «(19 19 7 21 21 Sept. 1 3 
19 10 **Z Draconis 24 2+ 8 
28 22 Sept. 3 O 29 2 26 22 14 22 
S Velorum 7 2 Oct. + O 29 10 21 20 
Sept. 4 12 11 4 8 21 31 22 28 18 
10 11 15 6 12 18 **SZHerculis Uct. 5 15 
16 9 19 7 18 16 Sept. 3 4 12 13 
22 8 23 23 13 15 19 11 


28 28 11 8 2 26669 


4 
We id 
Pas: 
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Minima of Variable Stars of the Algol Type.—Continued. 
VW Cvgni 


+RZ Draconis *RR Draconis *U Sagittae 


h d h d h 
Sept. 3 6 Oct. 1 4 Sept. 3 18 


8 18 6 20 10 12 
14 6 12 12 17 7 
19 18 18 3 24 1 
25 6 23 #19 30 19 
30 19 29 11 Oct. 7 18 
Oct. 6 7 14 8 
17 U Scuti 27 20 
or 
9 8 Sept. 1 13 
**RX Herculis 12 5 6 14 
Sept. 2 20 15 1 
5 12 27 22 1417 
8 4 20 19 28 19 
10 20 23 16 
3 12 a6 12 Yt 1 2 
16 4 29 9 6 21 
11 22 
18 20 Oct. 2 © 16 23 
12 5 3 
4 7 23 (2 
26 20 10 20 : 
29 12 13 17 SY Cvgni 
Oct. 2 + 16 14 Sept. 6 5 
4 20 18 11 1 6 
7 12 21. 8 is 6 
10 4 24065 24 6 
i2 20 30 6 
15 12 29 23 Oct. 6 6 
12 6 
20 
23 12 RX Draconis 
26 4 Sept. 4 3 30 7 
28 20 7 22 
31 12 11 17 “WW Cygni 
15 11 Sept. 3 20 
*SX Sagittarii 19 6 10 12 
Sept. 3 7 2s (1 
. 7 10 26 20 23 18 
11 14 30 15 30. 9 
15 18 Oct. 4 10 Oct. 6 25 
19 22 8 5 13 16 
(1 12 20 7 
28 5 15 19 26 22 
Oct. 2 9 19 14 ZW Cygni 
10 16 28 3 5 23 
14 20 31 22 10 13 
18 23 15 3 
an 9 
27 «7 RV Lyre 7 
31 11 Sept. 7 12 28 20 
14 17 Oct. 10 
*RR Draconis 2) 21 7 92 
Sept. 2 20 29 2 12 12 
8 12 Oct. 6 7 
14 4 a0 12 
19 20 20 16 
25 12 a1 2 30 19 


Sept. 


Oct. 


*UW Cygni 


Sept. 


Oct. 


2 
9 
15 
22 
29 
6 
13 
20 
27 


3 


W Delphini 


Sept. 


Oct. 


3 


21 


RR Delphini 


Sept. 


Oct. 


RR Vulpeculae 


Sept. 


Oct. 


8 


3 


7 


21 


**VV Cygni 
a h 


Sept. 3 


Oct. 5 


*RT Lacertae 


Sept. 2 


Oct. 2 


6 


*TT Androm. 


Sept. 


Oct. 1 


21.1909 
Sept. 2 


Oct. 1 


13 


d h 
13 «9 8 10 
21 19 12 20 
30 5 17 6 
8 21 17 
17 2 26 3 
Zs 25 12 30 13 
10 
13 20 
1 18 7 
23 22 17 
20 27 «3 
18 31 14 
16 
13 UZ Cygni 
3 11 Sept. 21 17 
9 Oct. 23 0 
Fe 
; 8 17 7 #7 
13 12 12 9 
7 17 11 
23 3 22 13 
27 22 27 14 
— 2 7 HE ic 
7 3 7 18 
12 8 12 20 
16 28 17 22 
21 23 22 23 
25 18 28 1 
31 14 
14 14 
13 12 20 3 
18 2 25 15 
22 16 
27 7 6 17 
1 12 5 
: 6 12 17 18 
23. «7 
15 16 28 19 
: 20 7 
29 11 8 
10 11 
14 14 
8 16 18 17 
13 17 22 19 
18 18 26 22 
23 19 1 
28 21 5 4 
«(22 9 6 
8 23 13 9 
14 O 17 12 
: 19 1 21 15 
24 3 25 17 
29 4 29 20 
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New Variable 38.1910 Draconis.—In A. N 4407, Mr. Wm. E. Sperra 
calls attention to the discrepancies arising from the use of this star as a com- 
parison star for the variable SW Draconis and explains them under the sup- 
position that the comparison star is variable. Its position is 


a 1885.0 6 1885.0 a 1900.0 6 1900.0 
h mis h es 
12 10 358 +70 3.3 12 12 48 69 48.3 


More observations are needed to establish the variability of this star. 


New Variable 39.1910 Cephei.—In A. N. 4419, Mr. T. H. Astbury of 
Wallingford, Eng. announces the variability of BD 71° 1070, which he was 
using as a comparison star for another star suspected of variability. Its 
position is 


a 1900.0 6 1900.0 
h m s 
21 28 19.88 71 30 3.4 


The variable is of long period. 


New Variable 40.1910 Cancri.—This is announced in A.N. 4410 by 
Rev. J. H. Metcalf, of Taunton, Mass. It was found on a photograph for an 
asteroid. Its approximate position is 


a 1910.0 6 1910.0 
h m s 
8 32 57.3 17 18.5 


The variable has a very short period and ranges between 12".5 and 13.1. 


New Variable 41.1910 Tauri.—This new variable is announced by 
kK. Schwarzschild in A.N. 4425. The star is B D+ 18°661 and its position is 


a 1900.0 6 1900.0 
m s 
4 31 26 18 20.1 


From a study of +4 plates taken between January 26 and April 16, 1910 
Herren Miinch and Hertzsprung have represented the magnitude of the star by 
the following formula 


t 
m = 7.907 + 0.183 cos (27 a 


7 is the period, 3.154 days, and t is the time reckoned in days from the mini- 
mum of Feb. 24.24, 1910. 


New Variable 42.1910 Draconis.—This is announced in A. N. 4425 
by Mme. L. Ceraski. Its position is. 


a 1885.0 6 1885.0 a 1900.0 6 1900.0 
h mi s m s 
18 47 42 +48 44 18 48 53 +48 47 


The discussion of 26 photographs obtained between 1900 and 1909 makesit 
certain that this star varies between 10".0 and <12™.0 The type is not known. 


: 
A 
— 
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44.2 Communications and Questions 


COMMUNICATIONS QUESTIONS AND ANSWERS. 


(This department is designed especially for the use of amateurs. Beginners are 
invited to send in their puzzling questions. The editors will try to see that answers 
are given to reasonable questions but will not hold themselves responsible for the 
correctness of the views expressed in the communications which may find place 
here. All communications should be brief.) 


A Theory of Comet Formation. I have been interested during the 
last year, in the subject of comets and the various theories as to the compo- 
sition of the nucleus and tail of comets, none of which seem to be very definitely 
determined, or to answer all the phenomena observed in connection with the 
passage of comets. 

A theory has occurred to my mind which seems to satisfy all conditions so 
far as I am informed viz: 

Assuming that the composition and nature of the nucleus of comets has been 
correctly determined, and that the matter thereof is so widely separated or is 
so gaseous as to permit the Sun’s rays to pass through it with but little ob- 
struction, the matter becoming heated by the Sun’s rays, is raised to a high 
degree of luminosity, thereby intensifying such rays of the Sun as pass through 
the nucleus to a degree sufficient to light up the meteoric matter, star dust, etc, 
as may be ever present in space, so as to reflect a light visible to terrestrial 
creatures that can not be observed by the ordinary light from the Sun. 

The meteoric matter, star dust, etc., not being uniformly distributed 
throughout space, but in some cases passing in more or less regular orbits 
around the Sun as do the planets and asteroids, in groups or swarms which 
perhaps may be quite irregular in their formation, thereby accounting for the 
seeming dividing and breaking-up of comet’s tails, and the assuming of trans- 
verse positions to the direction of the Sun’s rays, the tail only being visible 
where sufficient matter is present to cause a reflection of light, and if a group 
be small enough to come within the cone of the intensified pencil of light it 
would be the logical conclusion to say the comet’s tail would reflect the form 
of such group of matter, and if these groups are separated by any great dis- 
tances practically free from matter there would be apparent breaks in the tail 
of the comet. 

If this theory be correct there is no substance passing to any great distance 
from the nucleus of a comet and there is no discernible substance in a comet’s 
tail; it is only reflected light and therefore free from the deadly gases which 
may be present in the nucleus, as entirely inoffensive as the light from the Moon 
or planets, or a search light or an electric of any kind now in use for illumin- 
ating purposes. 

This theory will account for the tail always being in a line from the Sun, 
continued beyond the head of the comet and also for the extremity of the 
tail keeping in that line, however much more rapidly it may be called upon 
to travel than the head or nucleus travels; ‘‘it fleeth as a shadow” and therefore 
has no limit to its speed except that of the nucleus. 

It seems to my mind that the light of a comet’s tail cannot be other than 
reflected light from the natural and ever present elements of the solar system, 
too feeble to be observed except by an unusual intensifying of the Sun’s rays, 
which may be caused by the composition of the comet’s nucleus coming into 
contact with the Sun’s rays at short range, the nucleus operating asa relay 
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coil to intensify the Sun’s rays and not as a lens to concentrate them, as has 
been suggested in a recent theory. 

When the Earth passes into or through the comet's tail, the tail will then 
not be visible but we shall be subjected to the increased light which may or 
may not be increased in heat quality, (quite likely not, 1 think, to any percep- 
tible degree, because the mass of even so large acomet as Halley’s is so incon- 
siderable.) Therefore the only serious results to be anticipatd from a comet 
may reasonably be confined to an actual collision with the Earth which event 
is calculated not to happen more than once in 15,000,000 years, and with our 
present knowledge of their orbits, after a few observations are made, there 
can be no danger of collision taking place without several weeks notice of the 
event being given. MHalley’s comet will not come closer than 12,000,000 o 
miles of the Earth at this passage, so there is not the least probability of any 
perceptible disturbance to the Earth to be anticipated at this time. 

Cuas. L. Ear.y, 
Sac City, lowa. 
April 20, 1910. 


New form of reflecting Telescope.—The other day on returning a 
copy of PopuLar Astronomy loaned me by a friend, I made a suggestion re- 
garding a possible construction for reflecting telescopes which he advised me 
to communicate to you. As the idea may possibly be of interest to some one, 
I am encouraged by one paragraph in the publisher's notice to follow his advice. 

Briefly stated, my idea is to combine some of the points in Cassegrain’s 
form with sume points of Herschel’s as follows: 

The rough sketch represents a diagramatic view of such an instrument. 
The larger speculum S is inclined slightly as in Herschel’s but instead of look- 
ing down the tube from near the principal focus F the light is again reflected 
by the smaller (convex as in Cassegrain’s) speculum s to a secondary focus 
at f where the ocular O magnifies the image in the position of direct vision. 
This arrangement permits of the attachment of a refracting finder as seen at 
S, as of course either Gregory’s or Cassegrain’s does anyway. But it looks to 
me as though the saving in not having a perforated speculum to deal with, 
and not shutting off any light by the supports necessary to hold the smaller 
reflector centrally in the tube would outweigh any disadvantage arising from 
the oblique reflections. I have in mind particularly the use of the silvered glass 
specula for instruments for the use of amateurs. What I have read of such 
telescopes would seem to indicate that they are mostly of the Newtonian form, 
but unless provided with circles it seems to me that the proposed sort with 
finder especially equatorially mounted, would be by far the handier rough-and- 
ready instrument for amateur use, if not as a standard observatory sort. 

I believe that as a portable it would be somewhat lighter, size for size. 

Perhaps there are many and serious reasons why it has never been done, 
but as it seemed to me just like utilizing just one section of the speculum 
arrangement of Cassegrain’s form, I ventured to write out my thought. 

BERNARD L. Goss. 


Observations of Double Stars, Star Clusters and Nebulz. 
I have recently made observations of double stars, star clusters and nebule 
with my refractor of three inches aperture, and the 6.5-inch refractor of the 
Student's Oservatory of the University of Chicago. The following are the 
accounts of some of my observations. 


Se 
if 
. 
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Xi Urse Majoris is a beautiful double in the 3-inch telescope, with power 
84. The components are of nearly equal magnitudes, and the present angular 
distance between them is 2”.8 of arc. Both stars are yellowish-white. 

Gamma Leonis, which Struve termed the most beautiful double star visible 
from the northern hemisphere has been observed with the 3-inch and the 
6.5-inch refractors. The colors of the components are reddish-golden and 
reddish-green. The contrast is very beautiful. 

The companion of Riyel, (Beta Orionis), is easy through the 3-inch refractor 
with power 55, and it is bluish in color. 

The well-known ‘‘Trapezium”’ in Orion is very beautiful, four stars being 
easy. The most striking feature of the Great Nebula in Orion is the ‘‘Fish’s 
Mouth,” near the ‘‘Trapezium.’’ The Orion Nebula is beyond description and 
only those who have seen it can appreciate it. 

ota Cancri is an attractive object, the colors being yellow and light blue, 
respectively. Zeta Cancriis a very interesting system, but only stars A and C 
can be observed in a 3-inch teleseope; both components are white. M. 67 Cancri 
is a wonderful star cluster, made up of very faint stars; it is rather a loose 
cluster. 

The Great Nebula in Andromeda, (M. 31), resembles a cone-shaped mass 
of hazy light; through an 11-inch refractor I could make out little of its detail. 

54 Leonis is a beautiful double; the colors are light blue and dark blue; 
the distance between the components 6”. 

Gamma Virginis is, without a doubt, one ef the most beautiful doubles 
the heavens can offer; both of the component stars are of a yellowish-white 
tinge and of the same magnitude, the distance between them being 5’’.8. 

The great star cluster in Canes Venatici, (M. 3) has been observed with 
both telescopes. In the 6.5-inch telescope it is irregular in form, rather bright, 
the twinkling of the stars can just be “caught.’’ In the 3-inch refractor it 
appears to be nearly circular and like a nebula. It is to be found in a good 
field with several bright stars. 

The ‘“‘Dumb-bell’’ Nebula, M. 27 Vulpecule, is a magnificent object; it is 
large and its outline is not difficult to trace. It appears to have a very con- 
densed center, somewhat elongated, with an arm on either side. It is in a 
very rich field. 

The Ring Nebula in Lyra, (M. 57), is a good object in the 3-inch instrument. 
It presents a ring, slightly flattened, with a dim nebulous interior. In the 
11-inch refracting telescope in South Chicago, it is one of the most beautiful 
objects in the heavens, and the ring is very bright. 

I have observed the Great Star Cluster in Hercules, (M. 13), with many 
telescopes. In the 24-inch reflector of the Yerkes Observatory, it is a wonder- 
ful object, being easily globular in appearance and with a marked condensation 
to acenter. Itis also beautiful in the 11-inch refractor, spoken of previously, 

The great ‘Whirlpool Nebula” of Lord Rosse, (M.51 Canum Venaticorum). 
I have observed with the aid of the 6.5-inch refractor. Its great spiral struct- 
ure, however, cannot be made out with such an aperture. It has the appear- 
ance of being two simple, faint, round nebuiae separated by a small angular 
distance, in a field nearly void of stars, and the two apparent nebulae are 
small in angular dimensions. 


FREDERICK C. LEONARD. 
Chicago, 
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Sun-spots on May 19.—I am sending you a rough sketch of sun-spots 
as seen by me May 19th, 6:30 p.tm. I also observed the upper two on the even- 
ing of the 18th about same time of day. I was trying to get a view of the 
comet—did not succeed. 


Ww 


The lower markings were not distinct—that is, were not so dark as if all 
the way through outer surface of the Sun. 
I send this thinking you might be able to use it in making up data. The 
time observed might be at a time when you would not have any other report. 
I failed to see the comets tail this a. M. at 3:30(there were quite a few 
cloud drifts in the way) but I believe it did not show. 


O. C. BRETT. 
Humboldt, Kans. 


Halley’s Comet April 20, 23, and 26.—1 will send you a short 
report of my observations of Halley’s comet. 

They may be of some benefit in getting tabulated data. 

First observed it the morning of April 20th a 4:35 a.m. Found it with un- 
aided vision afterward observed it with 34-inch telescope until 5:15. Cloudy 
the next two mornings. Then the morning of the 23rd, viewed it for about. 
30 min. The increase in brilliance and tail was noticeable. Two more cloudy 
mornings and then this the 16th at 4 a.M., commenced and continued for about 
45 min. 

The nucleus was not round but seemed to get a part of its light from the 
Sun and as it was the side towards the Sun that appeared oval and the oppo- 
site side cut off. 

The tail was easily followed for 10 to 12 degrees. 

There is one thing I want to mention. In front of the comet far enough 
away not to be a connected part I thought I saw a small body of a comet 
nature, bright at front with small trail of light. It might have been imagination 
or a freak of vision. Of course if noted by some other observer, will be of 
benefit by being recorded. Time between 4:20 and 4:25. 


O. C. BRETT. 
Humboldt, Kans. 


Passage of Halley’s Comet, May 18.—In common with others, I 
made many observations of the sky during the evening of 18th inst, but saw 
no unusual phenomena of any kind until I retired at midnight. I arose at 
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3:05 a.M. on 19th inst, the Moon having set, and found the sky covered by 
what seemed a faint luminous haze similar in appearance to a very faint 
aurora spread evenly over the heavens without ‘any flashing or apparent 
motion. This was of slightly pinkish tint, which was also noticed by my wife, 
through which the stars were shining with undiminished brightness. The 
constellations Scorpii and Sagittarius were low down in the south western sky, 
the Milky Way rising perpendicularly between them. The stars in these being 
perfectly distinct as was the case with the small stars in the Dolphin not far 
from the zenith. This continued unchanged until obliterated by the advancing 
dawn. This phenomenon was hardly bright enough to attract general atten- 
tion unless especially drawn to it; but I feel well assured that it was real as 
from my experience as an observer for the weather bureau for the past 20 years 
and having used a small telescope for a longer period in observing the stars, I 
think I can safely say that I never before saw the black background of the sky 
on a very clear night, against which the stars and Milky Way shine brightly 
apparently replaced by a faintly luminous one as above described. 

I did not see the beam of light in the south eastern sky noticed by others 
as trees and buildings near my house obstructed the view in that direction. 


Joun D. Eapte. 
Bayone, N. J. 


Amateur Astronomy at Toronto.—Astronomical interest has been 
at a fever heat among the general public since early in April. The fears and 
hopes awakened by the coming of Halley’s comet contributed to render the 
excitement of the days even more than an astronomical wonder. For myself 
I lectured on the subject by invitation to large and attentive audiences no 
less than 5 times, and almost daily the newspapers were telephoning until it 
was quite an art to tell them something new. Being at a loss one day 
for something new to tell them, I ventured the prediction that until Halley’s 
comet crossed the face of the Sun on May 18, 1910 the weather would be very 
cool, and although the reasons I invented to support the prediction were 
rather extravagant, still the prediction was singularly fulfilled. After perusing 
Aver’s Almanac again I feel like repeating the prophecy. The interest of the 
public in the coming of the comet was marvellous. A friend who has a teles- 
cope in this city informed the press that he was willing to show the comet 
through the instrument, and having asked my assistance I sent two of my 
instruments to his home. The following morning at three o’clock I was on 
my way thither and not knowing well the exact location of the street I 
wondered how in the early hours I could find it. But there was no reason 
for anxiety ; all I had to do was to follow the human pilgrimage through the 
night. Up his street the automobiles and carriages were there, as well as 
many bicycles, while on entering his lawn as many as three or four hundred 
people had assembled. We quickly set in place the three telescopes, two four- 
inch refractors and one six-inch reflector the last being of my own make, 
and arranged the gathering in lines; and although the morning was rather 
hazy, and dawn lay not afar still all were able to see the three-quarter-of-centu- 
ry visitor to our planet. Day had broken before the last visitor had departed. 
Many were ladies. and nearly all were persons of education and refinement. 
The tail of the comet showed as a more picturesque object in the telescope 
during the mornings than it did in the evenings. Still the comet was very in- 
teresting in the evenings. One evening about ten days agu happening to take 
a telescope out before the front door on the street to show the comet to some 
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triends, the knowledge that the instrument was available quickly spread, and 
within an hour and a half fully two hundred persons passed in procession 
before the glass. On May 27, 1910 the comet was at its best (in the evening ) 
—the sky was clear, and the Moon not yet arisen,—the tail stretched about 
two-thirds of the way from a point below the western extremity of Leo to 
the planet Jupiter, and measured nearly forty degrees in length. Twice I saw 
stars shining brightly through the tail, and that quite close to the coma or 
head of the comet. The tail at its widest may have been 5 or 6 degrees in width. 
It was clearly visible to the naked eye, and was witnessed by tens of thousands 
in this city. Many were disappointed because it was not more brilliant but 
still its novelty for many, and its scientific importance for others, made it the 
wonder of this century, astronomically. 
A. R. Hassarp, B.C. L., 


Barrister, &c. 
Toronto, Canada. June 3, 1910. 


ANSWER TO QUESTION 3. In the June-July number of PopuLAR AsTRONOMY the 
question was published, ‘‘just how is the number of miles of approach or reces- 
sion of a star determined from the shifting of the Fraunhofer lines in the spec- 
trum?” This is accomplished by ‘photographing the spectrum of a star, or 
other heavenly body, side by side with that of a terrestrial substance rendered 
incandescent in the tube of a telescope. The rays of this substance pass through 
the same spectroscope as those from the star, so that, if the wave lengths of 
the lines produced by the substance were the same as those found in the star 
spectrum, the two lines would correspond in position,” (since the position of a 
ray in the spectrum depends solely upon the wavelength of the light.) The min- 
ute difference in the position of the two lines found on the photographic plate 
is the measure of the velocity of the star in the line of sight. If the reader 
wishes more detailed information on this point he is referred to Newcomb’s 
“The Stars,’’ page 81, from which the above quotation was taken. 


QuEsTion 4. Is there an English translation of Oppolzers ‘‘Lehrbuch zur 
Bahnbestimmung der Kometen und Planeten ? 

ANSWER TO QUESTION 4. To the best of our knowledge there is no English 
translation. Mr. WM. Horigan, librarian of the United States Naval Observa- 
tory, in Washington, says that he knows of none. The French edition is pub- 
lished by Gauthier-Villars, Librarie Editeur De DEcole Polytechnique Quai des 
Grands-Augustins, 55, Paris. The German Edition was published by Breitkopf 
Hartel, Leipzig. It has been our custom to order foreign publications through 
G. E. Stechert & Co. (151-155 West 25th Str,. New York.) 


QuEsTION 5. Is there any reliable data that determines the relative class 
of the two giant Suns, Canopus and Arcturus ? 

ANSWER TO QuEsTION 5. The researches of Gill and Elkin have given us 
the most reliable data that we have although much is still to be desired in the 
way of information as to the sizes of any of the stars. According to the results 
of these researches Arcturus is about 47,500 times as massive as our Sun and 
1000 times as luminous. Canopus on the other hand is approximately 583000 
times as massive as our Sun and 22000 times as luminous. From these results 
it would seem that Canopus is more than ten times as massive as Arcturns 
and about twenty-two times as luminous. 
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GENERAL NOTES. 


It is with great regret that we record the deaths of two eminent astron- 
omers during July. Giovani Virginio Schiaparelli, the Italian astronomer, who 
has added so much to our knowledge of Mars, died July 4, at the age of 
seventy-five years. Six days later on July 10, Johann Gotfried Galle, the Ger- 
man astronomer who following Le Verriers instructions, discovered Neptune, 
passed to his rest at the age of ninety-eight years. The next number of 
PopuLaR AsTRONOMY will contain interesting facts about both of these men. 


Remember that the next number of PopuLar AsTRONOMY will not 
appear until October. 


Astronomical and Astrophysical Society of America. 
Preliminary Notice of the Eleventh Annual Meeting. ~ 

The eleventh annual meeting of the Astronomical and Astrophysical Society 
of America will be held at the Harvard Observatory, Cambridge, Massachu- 
setts, on August 17-19, 1910. A subsequent notice will give information con- 
cerning headquarters and other matters. 

Titles of papers to be presented at this meeting of the Society may be filed 
by members with the Secretary at Ann Arbor, Michigan, at any time prior to 
August 10,1910. After that date they should be sent to him, in care of the 
Harvard Observatory, Cambridge, Massachusetts. Each title should be accom- 
panied by a statement of the time desired for the presentation of the paper. 
If the paper is to be accompanied by lantern illustrations, that fact should 
also be stated, Precedence will be given to papers not exceeding ten minutes 
in length. 

Further, it is earnestly requested that in addition to the title, an abstract 
(not exceeding 300 words) of each paper to be presented at the coming meeting 
be forwarded to the Secretary, so that abstracts may be printed and distributed 
to members in advance of the meeting, to the end that papers may receive 
adequate discussion, In order to secure such distribution, the abstracts should 
reach the secretary not later than August 1. 

At the time of the last meeting of the Society, at the Yerkes Observatory, 
the following telegram was received: 

Pasadena, Cal., Aug. 19, 1909. 

Professsor E. C. PICKERING, President, 

The Astronomical and Astrophysical Society of America is cordially 
invited to the Fourth Annual Conference of the International Solar 
Union to be held at Mt. Wilson, California, August 30 to September 
6, 1910. 

GeorGE E. Hace. 

The eleventh annual meeting of the Astronomical Society has been set for a 
date which will enable those who desire to do so to accept that invitation, It 
is expected that a party will go together in one or more special cars, leaving 
Boston, Saturday evening Augsut 20. In order that railway arrangements 
may be completed, early notice should be sent to Professor S. I. Bailey, at the 
Harvard Observatory, by those who desire accommodations reserved for them. 

W. J. Hussey, Secretary. 
Ann Arbor, Michigan, May 24, 1910. 
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New Observatory at Escanaba, Mich.—Mr. John Novack writes 
that he is building a new observatory tower for his Brashear telescope. The 
telescope will be mounted upon a concrete pier. Mr. Novack expects to have 
the best observatory in the upper peninsula of Michigan. 


Dr. Sebastian Albrecht has been elected to the position of Astron- 
omer at the National Observatory of the Argentine Republic at Cordoba, of 
which observatory Mr. C. D. Perrine was chosen director a year ago. Dr. 
Albrecht has been connected with the Lick Observatory for the past seven 
years and has earned a reputation as a skillful and accurate observer and an 
able astronomer. He was married on June 29 to Miss Violet E. Standen, 
Secretary of Lick Observatory. The wedding was celebrated at the home 
of Director Campbell. and is the first event of the kind which has occurred on 
Mt. Hamilton. Dr. Albrecht and his bride sailed early in July for their new home 


Computers Wanted.—The following communication has been received 
from Rev. Joel. H. Metcalf, of Taunton, Mass. “I have 4 or 5 recently discovered 
asteroids which have been followed at this observatory for a sufficiently long 
time to assure good orbits. I would be glad to furnish data to any one who 
has the time to compute one or more of them. 

In Europe the asteroids discovered by Dr. Max Wolf are computed by the 
Reihen Institute. In this country they must appeal to charity. Are there not 
at least some graduate students who would like to work up an orbit.” 


Mr Zaccheus Daniel, of Princeton University, has been appointed Assist- 
ant at the Allegheny Observatory, University of Pittsburg and Mr. R. J. Mc- 


Diarmid of the University of Toronto, has been appointed Fellow in Astronomy 
at the same institution. 


Publications of the Carnegie Institution of Washington. 
The following list of Astronomical Publications of the Carnegie Institution 
will be of use to many of our readers. These publications are all technical in 
character, but are all first class and invaluable to those who are working in 
the special lines of research concerned. They will be sent post-paid at the prices 
indicated. Orders should be accompanied by a remittance payable to the 
CARNEGIE INSTITUTION OF WASHINGTON, WASHINGTON, D. C. 


ASTRONOMY. 
No. 5. BurRNHAM, S. W. General Catalogue of Double Stars within 121° of the 
North Pole. Quarto 2 vols. Published 1906. Price $14.00 
Vol. 1, The catalogue, Lv+256 (256a—256r) pages. 
Vol. 2, Notes to the catalogue, vmi+257—1086 pages. 
A catalogue of all the double stars visible in the northern hemisphere, dis- 
covered since the earliest records, with all the measures and other observations 


from Herschel in the seventeenth century to the latter part of 1906. In volume 


1 the stars are given in order of right ascension, in tabular form, in eleven 
columns, giving respectively the general number, the name of the double star, 
a reference to one of the principal star catalogues in which the star is found, 
the right ascension, the declination, the measured position angle, the measured 
distance, the magnitudes of the components, the date of the measures given, 
the observer and number of observations, and lastly brief notes concerning 
colors etc. The first portion of this volume contains some fifty pages of intro- 
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ductory matter, includlng ten indexes to the various Observers, classes of stars, 
etc. enabling the user to find at once any special star, or class of stars, without 
a knowledge of the star places. Volume 2 contains the notes and complete 
references to all the observations of each of the 13,665 double stars. All pub- 
lished orbits of the binary systems and the proper motions of the brighter 
stars are given. The history of each pair includes a selection of the best 
measures showing motion, if any, and an examination of the material 
questions suggested by the measures. Some 600 diagrams, drawn to exact 
scale, are given to show the relative change in the systems having decided 
orbital and proper motions, 

No. 9. HiLt, GEorGE WituiamM. The Collected Mathematical Works of 
George William Hill. Quarto 4 vols. Published 1907. Price $2.50 per vol. 
Vol. 1. xvii+363 pages; vol. 2. vu-+339 pages; vol. 3, 577 pages; 

vol. 4, vi+460 pages. 

The above volumes comprise the works of Dr. Hill in dynamical astronomy, 
mathematical physics, and mathematics complete up to 1907. The memoirs, 
84 in number, are arranged chronologically, the date of the earliest being 1859, 
The last five memoirs appear here for the first time. The first volume contains 
a portrait of the author and an introduction in appreciation of his work by 
Henri Poincaré. 

No. 10. Newcoms, Simon. Contributions to Stellar Statistics. On the Posi- 
tion of the Galactic and Other Principal Planes Toward which the Stars Tend 
to Crowd. Quarto, 30 pages. Published 1904. Price $0.25. 

A principal inquiry in the above paper is to determine the position both of 
the galaxy itself and of the planes toward which the stars appear to crowd, 
irrespective of the existence of the galaxy. Some previous inquiries might ap- 
pear to show that the tendency to crowd toward the galaxy is well marked 
even in the case of stars visible to the naked eye, but the present investigation 
shows that the tendency is less marked when the galactic stars are considered 
as forming a collection separate from the others. 

No. 72. NrEwcoms, Simon, assisted by FRANK E. Ross. Investigation of 
Inequalities in the Motion of the Moon Produced by the Action of the Planets. 
Quarto, viI+150 pages. Published 1907. Price $1 00. 

The principal object of the above work was the hope of explaining by 
gravitational theory the observed variations in the mean longitude of the 
Moon, shown by more than two centuries of observations to exist, but not 
vet satisfactorily accounted for. The work naturally divides itself into four 
parts. One of these treats of the theory of the subject, including under this 
head not only the general equations, but the numerical details on which all the 
computations are based. In this part the fundamenta) quantities are reduced 
to products of two factors, one of which depends upon the codrdinates of the 
planet; the other upon the geocentric codrdinates of the Moon. The first 
factors, termed planetary, are numerically developed in Part II. This develop- 
ment falls into two parts, one treating the direct action of the planet, the other 
the indirect action through the Sun. In Part IIT is found the numerical develop- 
ment of the factors depending upon the Moon alone, and of che partial deriva- 
tives as to the lunar elements. In Part IV are presented the combinations of 
these two factors and the final results of the work. 

No. 33. ParkHourstT, J. A. Researches in Stellar Photometry. Quarto 192 

pages, 13 plates, 39 text figures. Published 1906. Price $2.00. 

Investigates the equalizing-wedge photometer and applies it to stellar pho- 
tometry in the measurement of the comparison stars, from 6th to l6th magni- 
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tude, for twelve variable stars, using telescopes of 6, 12, and 40 inches aperture 

at the Yerkes Observatory. The fields including the stars measured, are shown 

by half-tone charts from photographs taken with the 2-foot reflector. Light- 

curves of the variable stars are given from observations made between 1892 

and 1905, by Argelander’s method and with the photometer. The unique 

feature of the work consists in the application of photometric methods to 
faint stars near the limit of the Yerkes 40-inch refractor. 

No. 43. Prerers, C.H.F. Heliographic Positions of Sun-Spots Observed 
at Hamilton College from 1860 to 1870. Edited for publication by Edwin 
B. Frost. Quarto, xm+189 pages. Published 1907. Price $2.50. 

The book contains the series of visual observatious of the Sun made by 
Professor Peters in the decade beginning in 1860. They in effect continue the 
routine observations of the Sun begun by Carrington in 1853, and ending in 
March, 1861. The tables give the position of each spot referred to the center 
of the disk, the deduced heliographic latitude, the longitude from the node, and 
the heliographic longitude. For each day on which Peters observed, the angu- 
lar distance between the prime meridians of the systems of Carrington and 
Peters is given, so that it is easy to convert the longitude given by Peters to 
the Carrington system, now in general use. 

No. 45. FurNeEss, CAROLINE E. Catalogue of Stars within two degrees o1 

the North Pole, Deduced from Photographic Measures. Octavo, 85 pages. 

Published 1906. Price $0.50. 

This is an extension of the Star Catalogue presented in Publication No. 1 
of the Vassar College Observatory, which gave a catalogue of stars within one 
degree ot the North Pole, whereas the present publication extends the catalogue 
to two degrees from the North Pole. Both catalogues are based upon photo- 
graphs taken by Professor Donner, of Helsingfors, Finland, a series of twelve 
negatives being under consideration, which together include all the stars of 
less than two degrees polar distance. The present paper treats first of the 
measurement and reduction of 89 degree plates with a preliminary catalogue 
of the stars found thereon; second, of the inter-adjustment of the several plates 
and their combination with the former catalogue, and third of the formation 
of the final catalogue of all the stars round on twelve plates. 

No. 93. Hae, GEorGE E. and Puitirp Fox. The Rotation Period of the Sun 
as Determined by the Motion of the Calcium Flocculi. Octavo, 54 pages. 2 
plates, 5 text figures. Published 1908. Price $0.40. 

A series of monochromatic photographs of the Sun made with the spectro- 
heliograph of the Kenwood Observatory, inthe years 1892-94, provided the 
material for this investigation. By means of a special means of a special 
measuring instrument the daily motions in longitude of the calcium flocculi in 
different latitudes were determined. It was found that the law of rotation for 
these flocculi is almost identical with that for sun-spots. The paper describes 
the Kenwood spectroheliograph and the globe measuring instrument, as well 
as the methods of measurement and reduction employed. 

No. 115. Boss, Lewis. Preliminary General Catalogue of 6188 Stars for the 
Epoch 1900. Quarto xxxvu+345 pages. Published 1910. Price $7.00. 
This volume contains the results of a comprehensive and thorough discus- 

sion as to the positions for 1900, proper motions and other useful particulars 

in relation to all stars in both hemispheres that are visible to the naked eye. 

About 2,000 stars fainter than the sixth magnitude are also included because 

they are among the stars which have been most precisely and frequently ob- 

served in the past. The primary object of this work was to employ substan- 
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tially all useful evidence of observation in determination of proper motions 
with a high degree of precision—especially in the systematic sense. Results of 
researchesleading uptothe present work have been published in volume XXVIII 
ef the Astronomical Jonrnal. Therein are described the steps by which the 
results of the various original catalogues of observed star-positions are made 
systematically consistent—one with another, and with a resulting normal 
system. These and subsequent labors in preparation of the present work have 
led to various useful results, additional to ,those concerning the main issue— 
computation of systematically accurate proper-motions. Thus the present 
work contains very carefully computed positions of all the stars suitable to be 
classed as standard stars. The systematic errors of observation due to mag- 
nitude-equations of the respective observers have been eliminated fromm the right 
ascensions of the Catalogue with substantial success. In the Catalogue 
is incorporated a Normal Uranometry prepared by Dr. S.C. Chandler. This is 
founded upon all the most important measurements and estimates of bright- 
ness, rendered homogeneous by the application of systematic corrections for 
color and position in the sky. Three appendices contain respectively: 

Appendix I. Ephemerides of Polar Stars. 

Appendix II. Notes to the Catalogue, Periodic Proper-Motion, etc. 

Appendix III. Systematic Corrections and Weights. 

No.119. PERRINE, CHARLES D. Determination of the Solar Parallax from Photo- 
graphs of Eros made with the Crossley Reflector of the Lick Observatory. 
Quarto. In press. 

This publication gives a detailed account of observations and computations 
made in deriving the sular parallax from photographs of the minor planet 
Eros taken by means of the Crossley reflecting telescope of the Lick Observa- 
tory during the interval October 1900 to January 1910. The value of the 
parallax deduced is 8.8067”+0025”. 


An Astronomer Poet. Dr. Lewis Swift, discoverer of fifteen comets 
and more than one thousand nebulae, former director of Mount Lowe Observ- 
atory, California, notwithstanding that he has had only twenty-one birthdays, 
is spending his old age at Marathon, N. Y. He was born February 29, 1820, 
and so is nearly ninety vears old. 

Four years ago Dr. Swift placed in my hands a little poem of his own, 
which I herewith submit, and wherein it will be discovered that Dr. Swift, one 
of whose favorite themes is ‘‘Astronomy and the Bible,”’ is as devout a Chris- 
tian as he is a distinguished astronomer. 


LONGING TO GO AWAY. 


When shall I go? I long to go 
Where Jesus hath ascended; 

And there to sing both high and lew, 
His love with mine is blended. 


But, ere I go, O, may there be 
That sunrise with His blessing, 
So unlike what here we see, 
Ever rising, never setting. 


When shall I go? [long to go 
For my starry crown to wear; 

Though vivid with radiant glow, 
Twill not with His compare. 


And ere I go, O, may He come, 
From the third heaven above; 

With tidings from the starry dome, 
That will fill all lands with love. 


When shallI go? Llong to go 
To Heaven’s wide-open portal; 

Invited in, my soul shall be 
Forevermore immortal. 


FREDERIC CAMPBELL. 
Brooklyn Institute. 
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